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ABSTRACT 



The applications of silicon compilers, and the design 
methodology of the Genesil Silicon Compiler are described. 
The performance of Genesil system library adders and 
multipliers are compared with comparable custom pipelined 
adder and multiplier circuits built on the Genesil Silicon 
Compiler. High performance pipeline methods are discussed. 
The appendix is a tutorial illustrating a Genesil system, 
hierarchical top-down chip design, including simulation and 
timing analysis procedures. 
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INTRODUCTION 



I . 

As integrated circuits (I.C.) grow increasingly complex, 
new methods are needed to manage the complexity, cost, and 
time consumed when designing and testing the desired I.C. 
system. There is a demand for a quick, and relatively 
economical design process to precede the actual chip layout. 

To meet this criteria, the methodology must have the 
capability of design at higher levels to specify, design, and 
simulate the desired circuit. A state-of-the-art solution to 
this requirement is the silicon compiler. 

Loosely defined, a silicon compiler is a system which 
generates I.C. layouts from, high-level descriptions. 
Originally, silicon compilation referred to a design 
methodology in lieu of a system, or set of processes. The 
silicon compiler was analogous to compilation of machine code 
from a high-level language. An object was a graphic image 
rather than a block of executable code. Geometries of the 
desired chip were constructed the same way as machine code, 
i.e., compiled from high-level languages. Early silicon 
compilers use "C" and "LISP” compilers. [Ref. 1] 

The latest silicon compilers are complete design systems. 
Compilation is used as one mechanism for overall chip design. 
State-of-the-art silicon compilers have computer aided 
engineering (CAE) / computer aided design (CAD) as in the 
past, but also include geometry editing, symbolic editing, 
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simulation, automatic placement, automatic routing, 
compaction, and design rule checking [Ref. 1], 

Each state of a complex custom I.C. system design, from 
concept to silicon testing, requires a team of experts in each 
field. Each team normally is not an expert in the other areas 
of chip development. Team expertise is a necessary condition 
in the fields of requirements generation, logic 
implementation, circuit simulation, chip layout, and testing. 
Chip level silicon compilation now allows a systems 
engineering to design Very Large Scale Integrated (VLSI) 
chips. With a silicon compiler, the design is accomplished by 
using a top-down, hierarchical design methodology starting 
with a partitioned chip set, proceeding down to individual 
chips, modules, and finally blocks. The blocks, or bottom- 
level design elements, include various types of logic blocks 
including ALU’s, PLA ' s . RAM's, ROM’s, multipliers, and 
inverters [Ref. 2]. 

Generally, far less time is required to design a circuit 
with a silicon compiler than is necessary for a comparable 
rcanual/CAD design method using graphic layout tools. The 
silicon compiler makes possible the rapid, real time 
development and testing of a system. This is advantageous for 
designing and producing relatively small numbers of chips. 

This is especially attractive for military applications where 
small numbers of chips are required (hundreds and thousands 
vs. millions) and a rapid turnaround time is desired [Ref. 3]. 
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Reference [1] contains a directory with capability 
comparisons of the silicon compilers currently available from 
commercial sources. The most notable systems observed in the 
directory concerning flexibility and overall performance were 
the Concorde Silicon Compiler, made by the Seattle Silicon 
Corp. and the Genesil Silicon Compiler produced by Silicon 
Compiler Corp. 

Currently, the Naval Postgraduate School has the 
capability of VLSI design using full custom methods, the 
MacPitts Silicon Compiler, and the Genesil Silicon Compiler. 
Both the full custom and MacPitts methods depend on separate, 
time consuming, programming for simulation and timing analysis 
of a VLSI chip. In Genesil, simulation and timing analysis 
are integrated into the system. 

Chapter II describes the Genesil System's stand alone 

capabilities for the design of a VLSI system. Chapter III 
briefly describes system pipelining theory, a comparison of 
Genesil library versus custom adders, followed by the design 
and performance results of a pipelined 16 bit adder built on 
the Genesil Silicon Compiler. Chapter IV contains performance 
comparisons of Genesil library multipliers versus custom 
multipliers, followed by the design and performance results of 
a custom 4 bit pipelined Wallace Tree structured multiplier, 
concluding with the design and performance results of a custom 
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pipelined 16 bit parallel multiplier. The 
tutorial for a top-down VLSI chip design fo 
Silicon Com.piler. 



Appendix contains a 
r the Genesil 
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II. GENESIL SILICON COMPILER 



A. INTRODUCTION 

The Genesil Silicon Compiler is based on silicon 
compilation, which is an Application Specific Integrated 
Circuit (ASIC) design method. ASIC design methodology also 
includes full custom, gate array, and standard cell methods. 
Full custom design is accomplished by a team of IC experts, 
whereas gate array, standard cell, and silicon compilation are 
based on the premise that the designer is not an IC expert 
[Ref. 4] . 



B. ASIC DESIGN 

Full custom design is normally used by IC manufacturers 
producing vast quantities (millions) of standard off-the-shelf 
type chips, such as microprocessors. The chip is normally 
very dense with a full set of masks and customized probe cards 
for production tests since the designer and user are most 
likely net the same [Ref. 2]. Full custom design is time 
consuming and expensive, which can be attributed to the 
complexity of the design parameters for high density chips. 
Design parameters, at the full custom level, are a constant 
tradeoff involving performance (speed, power, function), die 
size, ease of test generation, and testability [Ref. 5]. 

Gate array design is accomplished by interconnecting the 
appropriate rows and columns of transistors with metal layers 
defining the circuit from appropriate netlist libraries. The 
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array is prefabricated and a circuit design is "fitted" to the 
array. Processing time is low, but circuit density is also 
low. Gate array vendors provide macros containing predefined 
patterns to form SSI circuits such as NAND and NOR gates 
[Ref. 4]. This presents problems when attempting to translate 
a high level specif ication from one vendor to another. 

Standard cell design is based upon the same methodology 
as the gate array design except it differs in the manufacture 
cycle. The gate array is a pre-manuf actur ed wafer to which 
metal is added to form the IC . The standard cell does not 
have pre-defined transistor locations. The manufacturing 
process is similar to full custom, requiring all layers to be 
created. This does result, however, in a more dense circuit 
than that produced by the gate array method. 

Silicon compilation produces a circuit which is very 
similar to a full custom, design by synthesizing the circuit 
with a top-down, hierarchical design methodology consisting of 
chip sets, individual chips, modules and blocks [Ref. 5]. 
Silicon compilation provides the interface between high level 
design specifications and a variety of design tools which 
produce efficient IC layouts. 

C. GENESIL SYSTEM DESCRIPTION 

The Genesil Silicon Compiler System is a design 
automation system which provides the user with the capability 
of designing VLSI circuits from high level system description 
to manufacture tapeout by producing the IC circuits from 
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architectural descriptions. The system is composed of menus, 
commands, and forms used in the following activities 
descriptions. The system uses the UNIX Operating System. A 
Genesil System Overview is shown in Figure 2.1 [Ref. 6:p. 

2.3] . 
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Figure 2.1 Genesil Overview 
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1 . Methodology 



Prior to beginning a Genesil session, the user should 
pre-plan all functional and performance specifications. With 
this initial plan, the user is able to rapidly observe 
exploratory ("first cut") designs of the required 
specifications. After as many alterations as desired or 
required, the detailed design can be completed to include 
simulation and timing analysis. Next, the physical design 
process is "invoked" by using the Floor planning feature. 

Once floor planned, verification is again conducted by 
functional simulation for logic, and timing analysis for 
performance. The chip is then ready for manufacture 
interface. The Genesil methodology is illustrated in Figure 
2.2 [Ref. 6 : p . 2.8] . 
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Figure 2.2 Genesil Methodology 
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Design 



2 . 

Genesil is an object oriented syster. which uses a 
hierarchical pathname system based on the UNIX operating 
system pathnames. Objects are selected, attached, detached, 
moved, and removed from the user's account. Objects include 
blocks, modules, chips, and chip-sets. 

Blocks are the lowest level objects in the Genesil 
System object hierarchy. Blocks are created by the system 
block generator as directed by the user's functional 
specif ications . There are three types of blocks, independent 
blocks, data-path blocks, and random logic blocks. 

Independent blocks include complex stand alone blocks of logic 
such as ROM's and PLA's. Data-path blocks are designed 
specifically for functions that manipulate parallel data. 
Random logic blocks contain user specified gate level logic. 
Modules are a collection of blocks, other modules 
(submodules), and parallel data-path modules [Ref. 7:p. 1.2]. 

Modules are intermediate objects in the hierarchy. 
Modules are a collection of blocks and other modules 
(submodules) [Ref. 7:p. 1.2]. 

Chips are complete integrated circuits. Chips 
contain blocks, modules, pad specif ications , interconnection 
lists, positioning information for blocks and modules and 
packaging information. Chipsets are a collection of chips. 
Chipsets include chip interconnection lists, and user-supplied 
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simulation model programs and timing analysis models [Ref. 

6 : p . G. 4] . 

After an object is attached from the SELECT_OB JECT 
menu, a Header Form is completed which specifies function type 
(i.e., RAMs , PLAs , random logic, etc.) and fabline. Next, a 
Specification Form is used to implement detailed information 
about the object. The Specification Form varies, depending on 
the object type selected. The Specif ication Form is the heart 
of the design process. This is where all design 
specifications are designated by the user. Functional objects 
are attached/der ached , signals attached/detached, and bus 
widths designated. Once the Specification Form is completed 
to the user's specif icat ions . the system generates a form 
check which identifies any incorrect signal connections which 
car. be corrected immediately. Figure 2.3 [Ref. 6:p. 5.16] 

illustrates the design description hierarchy. 
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3 . Netlistinq 

A net is a connection between two or more objects. 
Objects are any one or combination of blocks, modules, chips, 
or chipsets. A netlist is a listing of all the nets in a 
module or chip. The netlisting feature allows the user to 
specify the interconnections between objects. Object- 
netlisting and Net-netlisting are two options which may be 
selected and show the same information from different points 
of reference. The Object-netlist form is used to define 
connections of sub-objects to the system net. The Net-netlist 
form is used to specify signal names to be combined into a 
network which the system, creates. Used in this context, a 
signal is synonom.ous with a node, from, which a single node is 
formed from, all connectors and nets which are electrically 
equivalent. Netlisting can also be accomplished between chips 
to form chipsets. Figure 2.4 shows the netlisting commands 
hierarchy [F.ef. 6:p. 6.18]. 
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4 . Floor planning 

Floorplanning consists of the actual placement of 
objects on a module or chip, the connection of pins to pads cr 
pinout, and fusion order specification. Placement refers to 
the actual geographic locations of objects in relation to one 
another. The placement feature allows the user to graphically 
determine the placement between objects to minimize wire 
lengths. Genesil provides the appropriate menu depending on 
the object type. The pinout option provides for assignment of 
external signals to on chip (signals not local to an object) 
and off chip (I/O pins and pads) and is required for all 
modules and chips. Fusion allows the user to create and 
modify routing channel assignments on the floorplan by binding 
objects together to form, channels [Ref. 6:p. 7.15]. Fusion 
may be accomplished automatically and then changed manually 
from the command selection form for more efficient routing. 
Figure 2.5 [Ref. 6:p. 7.25] depicts the Floorplanning Command 
Hierarchy . 
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Figure 2.6 Compile Menu 
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During initial design phase, the most significant 
compile commands include Build_All, Sim_Model , and Ta_Model . 
The Build_All commands compile all views of the current 
object. Sim-Model compiles the simulation model needed for 
simulation of the current model. Ta-Model compiles the timing 
model necessary for timing analysis of the current object. 

6 . Simulation 

The purpose of simulation is to verify that the 
design and layout generated by the current object are 
logically correct. The layout is synonomous with the 
geometric view of an object and is the physical equivalent of 
that object. The two most significant modes are functional 
and switch-level simulation. 

Functional simulation generates a gate-level model 
for general purpose simulation and is independent of 
technology and layout. It is dependent only on circuit 
functionality and input signal changes. To perform, functional 
simulation, the block must be defined and netlisted. 

Functional simulation is based on a demand-evaluation 
algorithm, which creates a functional model that simulates only 
the minimum logic required for correct results 

[Ref. 9:p. 2.1]. The user designates net values and manually 
advances time across a clock edge. 

Following design functionality verification, the 
object is f loorplanned , resulting in the compilation of a 
layout. From, the layout, switch-level simulation is used tc 
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which 



verify functionality of the actual layout of the chip. 
Switch-level simulation uses an event-driven algorithm, 
is 5-10 times slower than functional simulation and is best 
used during final verification only. The algorithm is nuch 
slower because it depends on detailed signal propagation data 
extracted from timing analysis [Ref. 9:p. 2.2]. 

7 . Timing Analysis 

Timing command selection places the user in the 

general Timing Analyser (TA) . The system then uses an 

algorithm, that requires no test vectors and generates the 

following timing specs [Ref. 10:p. 1.11: 

Object propagation delays 
Paths limiting clock frequency 
Duty -cycle constraints 
Input setup and hold times 
Output delays 

Internal node setup, hold times, and signal delays 
Path delays between internal nodes. 

The user then selects a menu command to generate a timing 

report for the desired information listed above. The TA can 

be used at any time during design following Definition 

Specification for random, logic objects or blocks, and 

following Definition Specification and Floorplannir.g for 

modules or chips. Figure 2.7 [Ref. 10:p.l.l] shows the Timing 

Analysis environment. 
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8 . Ma nufacture Interface 

After a chip is completely specified and verified in 
terms of functionality, timing, power dissipation, and size, 
the design is ready to be sent to a foundry specified on the 
chip's definition header form. A foundry, or factory which 
produces the chip, may be changed at any time by changing the 
selection on the header form and re-compiling the chip. 

Design specifications are altered with each foundry change. 

The fabline, or process used to make the chip, changes with 
each foundry change which affects chip size, power, and timing 
results. Changes occur because chip layout differs due to the 
selected fabline's design rule check, and each foundry has its 
own models for devices built on that particular fabline [Ref. 

6 : p . 11.2]. 
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ADDEP CIRCUITS 



A. PIPLINED CIRCUITS FOR HIGH PERFORMANCE 

The purpose of pipelined circuits is to increase the 
through-put or performance of a circuit by splitting the task 
to be performed into cascaded sub-functions or smaller pieces 
and allocating separate hardware to each piece. Each piece or 
sub-function is defined as a stage. A stage normally consists 
of two components. They are the combinational logic to 
perform, the sub-function, and a latch or flip-flop to save the 
output of one stage as input to the next. The concept is 
analagous with a physical pipeline or automobile assem.blvline . 
Data flows through the stages of the circuit at a rate which 
is independent of the length of the pipeline or number of 
stages. If the overall function is completed in "X" nano- 
seconds (ns), and the function is divided into "N" stages, cr 
sub-functions, then the output of the original function can 
theoretically be increased by "X/N" ns. This results in an 
"N" fold increase of performance [Ref. 11]. 

There are physical limitations on "N" due to hardware 
technology, the function being pipelined, clock-skew, and 
critical race. References 11 and 12 address hardware and 
function limitations. Clock-skew, due to circuit lengths, 
loading, and driver circuits, makes it nearly impossible to 
guarantee that all stages of a pipelined circuit receive the 
same pulse at exactly the same time. Critical race refers to 
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the situation where a datapath through a logic block in a 
stage may be so short that, if the latch changes its output 
early, the change may reach the next staging latch and change 
it during the same clock pulse [Ref. 1]. For this reason, 
usually flip-flops are used between logic stages or a two 
phase clock system is used with latches, each phase serving 
alternate stage latches. Two stages and a basic pipeline 
clock are shown in Figure 3.1 [Ref. 12:p. 36]. 




Clock 

n 



I O 



n 



' -A 

= T + W — -j 



Figure 3.1 Two Stages and Pipeline Clock 

B. FULL ADDER DESIGN 
1 . Introduction 

Full adders serve a significant role in high 
performance pipelined signal processing circuits. High 
performance custom signal processing filters consist of 
pipelined adders and multipliers built from full adders. The 
Genesil Silicon Compiler system library contains full adders 
which can be programmed, via a menu, from 1 to 16 bits in 
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width. The performance and size of a 1 bit library full adder 
were compared with the performance and size of a custom full 
adder built on the Genesil System,. Motivation for performance 
and size data stemmed from the research data presented in 
Chapter IV, where full adders were used to build high 
performance pipelined multiplier chips. 

2 . Genesil Silicon Compiler Library Full Adde r 

A full adder, shown in Figure 3.2 [Ref, 13;p. 2.1], 
was extracted from the Genesil Compiler Library, Volume III, 
which is a collection of all system random logic blocks 
available. The figure illustrated the only transparent 
information available to the user concerning a full adder. 
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Figure 3.2 Genesil View of Adder Block 



The figure depicts two data input buses (A and B) , and a 
single carry input (Cin) which are added together resulting in 
the data output bus (OUT) and a carry output (COUT) [Ref. 3]. 
The manual offered no internal logic circuit diagrams nor 
performance and size specif ications for the adder. Since the 
adder width can be varied from. 1 to 16 bits, the interest was 
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in whether the system, used a general algorithm, for adder 
construction, possibly resulting in wasted size and 
unnecessary hardware, or if it "customized" the adder to 
specifications. 

A 1 bit full adder block called lib_f ulladd_blk 
constructed, and a VLSI layout is shown in Figure 3.3. 



user 



was 
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Figure 3.3 Genesil 1 Bit Full Adder Layout 




The object size, calculated by the system, was 3.56 X 7.42 
mils, resulting in a total area of 26.15 square mils. 

Timing analysis was performed on the block which 
resulted in the Timing Analyser output propagation delays 
shown in Table I. 



TABLE I 

GENESIL FULL ADDER OUTPUT PROPAGATION DELAYS 
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2 . Cu s tom Full Adder 

A typical full adder was constructed from exclusive 
or gates, AND gates, and OR gate as shown in Figure 3.4 [Ref 
14] . 
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Figure 3.4 Full Adder Logic Circuit 
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An object called cus_ f u 1 1 add_ bl k was constructed and 
a VLSI layout is shown in Fiqurc 3.5. 




Figure 3.5 Custom 1 Bit Full Adder Layout 
The object size, in mils, as calculated by the system was 7.58 
X 2.42. This resulted in a total area of 18.34 square mils. 
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Timing analysis was performed by the system tim.in 
analyzer resulting in output propagation delays presented 
Table II. 



TABLE II 

CUSTOM FULL ADDER OUTPUT PROPAGATION DELAYS 



OUTPUT 
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4 . Results 

The results of a comparison between the 
library full adder and the custom, full adder are 
Table III. 



system 






i ze 
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TABLE III 

SIZE AND PERFORMANCE SUMMARY 





MAX PROPAGATION 
DELAY (ns) 


TOTAL AREA 
(SQ MILS) 


GENESIL 
FULL ADDER 


5.2 


26.15 


CUSTOM 
FULL ADDER 


5.0 


18.34 



The data indicate that the custom full adder provides a 
0.2ns performance improvement with 7.81 square mils saving in 
area . 

C. FOUR BIT ADDER DESIGN 
1 . Introduction 

The four bit adder is the building block for high 
performance pipelined adders. A basic four bit adder is a 
ripple carry circuit consisting of four full adders. The 
carry out of each adder ripples down as one of the three 
inputs to the next adder. Performance size considerations 
influence the appropriate design. Designs include pipelining 
full adders with latches, four bit carry-lock-ahead adders 
(CLA) , and pipelined CLA. A pure performance pipelined CLA is 
described in Reference 15. 

2 • Geue s il Silicon Compiler Library Four Bit Adder 
A library four bit adder called lib_4bit_blk was 
constructed by using the Random Logic Block Specification menu 
shown in Figure 3.6. 
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Block type: ADDER 

Block index: C 

Name : > ADDERO 

Width: > 4 



Regime 



Connector 


Width 


: 


Timing 








A 


4 


i 


Prop ( t ) 


[ 


3] 


> A3 










[ 


2] 


>A2 










[ 


1] 


>A1 










[ 


0] 


> A0 


B 


4 


i 


Prop ( t ) 


[ 


3] 


>B3 










[ 


2] 


>B2 










[ 


1] 


>B1 










[ 


0] 


>B0 


OUT 


4 


i 


Prop ( t ) 


[ 


3] 


> S 3 










[ 


2] 


>S2 










[ 


1] 


>S1 










[ 


0] 


> so 


cir 


1 


i 


Prop ( t ) 


[ 


0] 


>Ci 


COUT 


-l 

J- 


i 


Prop ( t ) 


[ 


0] 


>Co 


FEET 


4 


i 


Feed thru 


[ 


3] 


>FALSE 










[ 


2] 


> FALSE 










[ 


1] 


> FALSE 










r 

L 


0] 


> FALSE 



Figure 3.6 Genesil 4 Bit Adder Specification Menu 



Signal names were specified for the A and B buses, the 4 bit 
sum (OUT' , carry-in (CTN) , and carry-out (COUT) . 

A VLSI layout of the adder was constructed by using 
the system’s plot feature and is shown in Figure 3.7. 



3 3 




Figure 3 . 7 



Genesil Layout lib_4bit_blk 
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The size of the adder, calculated by the systerr during layout, 
measured 8.77 X 7.42 mils, resulting in a total area of 65.07 
square mils. 

Timing analysis, provided by the System Timing 
Analyzer, produced the output propagation delays for all 
output signals. Data are provided in Table IV. 

TABLE IV 

GENESIL 4 BIT ADDER OUTPUT PROPAGATION DELAYS 



OUTPUT 


i 

OUTPUT DELAYS (ns) 

1 


MIN 


MAX 1 

i 

1 


Co 


1 . 9 


9.5 ! 

I 


SO 


1.6 


Ol 

in 


SI 


3 . 1 


6 . 3 


S 2 


2.3 


8 . 0 


S 3 


3.1 


9 . 2 



Maximum propagation delay was 9.5 ns, occurring at the carry- 
out (Co) output. 

3 . Custom Four Bit Carry-Look-Ahead (CLA) Adder 

The Genesil System manuals provide no information 
concerning any CLA features of the library adder. Without 
CLA, addition can become inefficient, but by pipelining 
conventional adder circuitry, performance can be increased at 
the price of additional hardware. CLA circuits involve more 
hardware than ripple carry circuits, but are faster. 
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The principle of CLA circuits involves anticipating when 
and where a carry will be generated. The circuit "looks 
ahead" to see where the carry is needed. References 15 and 16 
provide detailed CLA algorithm development and analysis. The 
circuit shown in Figure 3.8 [Ref. 17] was constructed for a 
performance and size comparison with the Genesil 4 bit adder. 

Figure 3.9 shows the Random Logic Functional 
Specification menu used to build the CLA circuit. Each random 
logic object was specified, signals designated, and the 
circuit net-listed. 
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Figure 3.8 4 Bit CLA Adder 
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An objec 



layout of the CLA block called 



cus_cla4tit_blk was completed. The system calculated the size 
of the object as 44.53 X 2.42 mils, resulting in a total area 
of 107.76 square mils. 

Since this was a custom object, the System, Functional 
Simulator was used to test for correct logic. Random values 
were put on the inputs, the system clocks cycled, and results 
read from the Functional Simulator menu. An example 
simulation run extracted from the Functional Simulator is 
included as Figure 3.10. 



> /cus cla4bit blk 



> port 0 

> pert 1 

> port 2 

> port 3 

> port 4 

> port 5 

> pert 6 

> port 7 

> port 8 

> port 9 

> port 1C 

> port 11 

> port 12 

> port 13 



I AO 


t c 


I A1 


to 


I E0 


to 


T * <"'> 

/n. l — 


to 


I B1 


to 


I A3 


to 


I B2 


to 


I B 3 


to 


0 C4 


to 


0 SO 


to 




to 


0 S 2 


to 


0 S3 


to 


I Ci 


to 



is of type 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 
NC = 1 



Figure 3.10 4 Bit 



genblock/rl wi 



CLA Simulation 
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ports 



The System Timing Analyser was used for output 
propagation delays data for all output signals. The results 
are shown in Table V. 
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TABLE V 

4 BIT CLA OUTPUT PROPAGATION DELAYS 



OUTPUT 


OUTPUT DELAYS (ns) 


MIN 


MAX 


04 


2 . 8 


6.9 


SO 


1 . 4 


5.1 


SI 


3.8 


7.6 


S 2 


3 . 8 


00 


S3 

1 


3 . 5 


9 . 0 

1 

1 



Maximum propagation delay was 9.0 ns, occurring at the most 
significant bit output (S3). 

4 . Results 

The results of the comparison are summarized in Table 

VI . 



table VI 

SIZE AND PERFORMANCE SUMMARY 





MAX PROPAGATION 
DELAY (ns) 


TOTAL AREA 
(Sq Mils) 


GENSSIL 4 BIT ADDER 


9.5 


65.07 


CUSTOM 4 BIT CLA ADDER 


9.0 


107.76 



The data indicate that the custom. CLA provides a 0.5 ns 
performance improvement, but is 42.69 square mils larger than 
the library adder. The performance of the library adder 
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indicates that the circuit probably has CLA circuitry included 
in the system adder algorithm . 

D. SIXTEEN BIT ADDER DESIGN 
1 . Introduction 

The pipelined 16 bit adder can be used in conjunction 
with two's complement hardware for special purpose signal 
processors, in the final stages of a 16 bit multiplier as 
presented in Chapter IV, or in various other capacities 
involved with high performance special purpose hardware. This 
section compares the performance and size of a 16 bit Genesil 
library adder with a custom 16 bit adder built on the Genesil 
System. Additional pipelined adder designs and performance 
data are available in Reference 18. 



Genesil Library 16 Bit Adder 

A library 16 bit adder called lib_16bit_blk was 



constructed by 


us ir c Rsndor Liocic 


Block Specificatio 


shown in Figure 


3.11. 




Block 


type: ADDER 




Block 


index: 0 




Name : 


> ADDERO 




Width : 


>16 






Regime 




Connector Width Timing 




A 


16 1 Prop(t) 


>A [15: 0] 


B 


16 1 Prop(t) 


> B [15:0] 


OUT 


16 1 Prop ( t ) 


>S [15:0] 


CIN 


1 1 Prop(t) 


>Ci 


COUT 


1 1 Prop ( t ) 


> Co 


FEED 


16 1 Feedthru 


>FALSE*16 


Figure 3.11 


Genesil 16 Bit Adder 


Specif ication Menu 
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Input signal names, in bus notation, were specified for the A 
( A [ 1 5 : 0 ] ) and B ( B [ 1 5 : 0 ] ) buses, and Cin. Output signals 
included sum (s[15:0])< in bus notation, and Co. 

A VLSI layout from the system plot feature is included 
as Figure 3.12. 
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Figure 3.12 



Genesil Layout 



lib_16bit blk 
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The size of the library 16 bit full adder was calculated by 
the system to be 29.56 X 7.42 mils, resulting in a total area 
of 219.33 square mils. 

Output propagation delays for all signals were 
calculated by the System Timing Analyser and are presented in 
Table VII. 
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TABLE VII 

GENESIL 16 BIT ADDER OUTPUT PROPAGATION DELAYS 



OUTPUT 


OUTPUT DELAYS (ns! j 


MIN 


MAX 


Co 


1.9 


27 . 2 


S[0] 


1 . 6 


5.2 


suo) 


2 . 3 


19.8 


S[ll] 


3.1 


21.1 


s [ 12 ] 


2 . 3 


22 . 8 


S [13] 


3.1 


24.0 j 

j 


S [14] 


2 . 3 


25.7 i 

_j 


S [15] 


3.1 


27.0 j 

_ - - i 


S [1] 


3 . 1 


6 . 3 

| 


s r o 1 


2 . 3 


8 . 0 


c r i 

^ L w J 


3 . 1 


9.2 1 

1 


S [4] 


2 . 3 


o 

t-H 

t — 1 


i S [5] 


3 . 1 


i2.i i 

i 


S [6 1 


2 . 3 


13.9 j 

i 


S [7] 


3 . 1 


15.2 i 

i 


s [3] 


2.3 


16.9 | 


S[9] 


3.1 


18 . 1 



Maximum propagation delay was 27.2 ns, occurring at the carry- 
out (Co) signal. 
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3 . Custoir. 16 Bit Pipelined Adder 



A custom 16 bit adder was constructed using Genesil 
library 4 bit adders for the add logic, and 2-phase library D 
flip/flops to retain the data between each stage. The library 
adders were used because the performance and size comparison 
with a 4 bit CLA previously completed indicated that the 
differences were insignificant for the purposes of this 
section. An attempt to build a custom Earle latch, as 
presented in Reference 12, failed because the system 
disallowed random logic gate output signals to simultaneously 
perform as both external output signals and internal feedback 
signals. This feature is required for memory in both the D 
flip/flop and Earle latch. This problem was not pursued 
further because a library D flip/flop setup and hold time was 
found not to exceed 6.5 ns. This was approximately 3.0 ns 
less than the 4 bit library adder which was used in each stage 
of the adder. The adder logic, therefore, was the dominating 
delay factor driving the clock speed. Figure 3.13 shows the 
design, in block diagram form, used to construct the adder on 
Genesil . 

Figure 3.14 shows a VLSI layout of the custom 16 bit 
pipelined adder module, without input/output pads, constructed 
for performance and size comparison with the library adder. 

The module was floorplanned using the list-best command in the 
f 1 oorplan menu. This feature graphically advised the user of 
the best placement of the 5 stages in the module for optimum 
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routing and fusion, 
resulting in a total 



The adder module was 21.89 X 339.19 
area of 7424.87 square mils. 
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B [ 1 5 : 8 I A [15 : 8] B[7:4] A[7:4] B[3:0] A[3:0] CIN 



Stage 1 



16 


Bit 


D 


F/F 




8 


Bit D F/F 




4 Bit ADD 


























BANK 


OF D F/F's 






















16 


Bit 


D 


F/F 




4 


Bit ADD 




4 Bit 


D F/F 



Staae 2 



BANK OF D F/F's 



8 Bit D F/F 



4 Bit ADD 



8 Bit D F/F 



C f a 7 



BANK OF D F/F's 



4 Bit Add 



12 Bit D D/F 



C*- ^ 



BANK OF D F/F's 




Figure 3.13 16 Bit Pipelined Adder Design 
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Figure 3.14 List-Best Floorplanned 
16 Bit Pipelined Adder 



49 



As a size and routing comparison, Figure 3.15 shows the 
same adder modules stages placed manually. The size of this 
module was 55.41 X 91.42 mils, resulting in a total area of 
5066.50 square mils. 
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I 




Figure 3.15 Manually Floorplanned 
16 Bit Pipelined Adder 
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Although this design was significantly smaller than the one 
floorplanned by the system, routing and fusion of the module 
floorplanned by the system took a significantly shorter time 
to complete. The system floorplanned module took 10 to 15 
minutes to route, while the manually floorplanned module took 
1 to 2 hours to complete the routing. 

Figure 3.16 shows the pipelined adder with the pads 
attached. This figure was included to demonstrate the 
significant increase in chip size experienced with the 
addition of pads and associated routing. The size of the chip 
increased to 171.83 X 385.83 mils, resulting in a total area 
of 66,297.17 square mils. 
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Fiaure 3.16 16 Bit Pipelined Adder With Pads 
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Simulation was performed for logic validation using 



the Functional Simulator. Various combinations of binary 
integers were placed on the input signal buses, the system 
clocks cycled, and test results were observed on the output 
signal buses. Figure 3.17 shows a sample of a simulation test 
run extracted from the Functional Simulation output form. 



> is of type module with 48 ports 



> 


port 


1 


I ' 


TRUE to NC = H 


> 


port 


3 


I 


FALSE to NC = L 


> 


port 


5 


0 


al [15:0] to NC*16 = 1111111111111110 


> 


port 


7 


I 


a [15:0] to NC * 1 6 = HHHHHHHHHHHHHHHH 


> 


port 


9 


o : 


bl [ 15 : 4 ] to NC * 1 2 = 111111111111 


> 


pert 


11 


i 


b [15 : 0] to NC * 16 = HHHHHHHHHHHHHHHH 


> 


port 


13 


0 


clo to NC = 1 


> 


port 


15 


c 


I phase_a to NC = 1 


> 


pert 


17 


CI phase_b to NC = 0 


> 


port 


20 


0 


a2 [15 : 8 ] to NC*8 = 11111111 


> 


pert 


21 


0 


a2 [ 3 : 0] to NC*4 = 1111 


> 


pert 


23 


0 


b2 [18:8] to NC*8 = 11111111 


> 


port 


25 


0 


c2o to NC = 1 


> 


pert 


27 


0 


dO [ 3 : 0 ] to NC * 4 = 1110 


> 


port 


30 


0 


a3 [15:12] to NC*4 = 1111 


> 


port 


3 1 


0 


a3 [ 3 : 0] to NC*4 = 1111 


> 


port 


33 


0 


b3 [15:12] to NC*4 = 1111 


> 


port 


35 


0 


c3o to NC = 1 


> 


pert 


37 


0 


d 3 [ 7 : 0 ] to NC * 8 = 11111110 


> 


port 


39 


0 


a4 [3:0] to NC*4 = 1111 


> 


pert 


41 


0 


c 4 t c N C = 1 


> 


port 


43 


0 


d4 [11:0] to NC * 1 2 = 111111111110 


> 


pert 


45 


0 


carry to NC = 1 


> 


pert 


47 


0 


s um [15:0] to NC*16 = 1111111111111110 



Figure 3.17 Simulation Results of 16 Bit Pipelined Adder 



Timing analysis was performed to investigate the 
worst case delay in each stage of the adder. Figure 3.18 
through Figure 3.22 list the worst case propagation delays and 
identifies the worst case signal for each of the five stages 
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of the pipelined adder. The data indicate that the largest 
propagation delay was 9.5 ns which occurred in stages 1 
through 4. This delay is attributed to the library 4 bit 
adder used in each of these stages. 
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OUTPUT DELAYS 


(ns ) 




Output 


Phi (r) Delay 


Ph2 (r) 


Delay 




Min 


Max 


Min 


Max 


al [0] 


3.5 


4 . 4 


3.5 


4.4 


al [10] 


4 . 3 


4 . 5 


— 


— 


al [11] 


4 . 3 


4 . 5 


— 


— 


al [12] 


4 . 3 


4 . 5 


— 


— 


al [13] 


4 . 3 


4 . 5 


— 


— 


al [14] 


4.3 


4.5 


— 


— 


al [15] 


4 . 3 


4.5 


— 


— 


al [1] 


3.1 


6 . 3 


3 . 1 


6 . 3 


al [2] 


2 . 3 


8.0 


2.3 


8 . 0 


al [3] 


3 . 1 


9.2 


3.1 


9.2 


al [4] 


3 . 8 


4 . 0 


— 


— 


al [5] 


3 . 8 


4.0 


— 


— 


al [61 


3 . 8 


4 . 0 


— 


— 


al [7] 


3 . 8 


4 . 0 


— 


— 


al [8] 


4 . 3 


4 . 5 


— 


— 


al [9] 


4 . 3 


4 . 5 


— 


— 


bl [10] 


4 . 3 


4 . 5 


— 


— 


bl [11] 


4 . 3 


4.5 


— 


— 


bl [12] 


4 . 3 


4 . 5 


— 


— 


bl [13] 


4 . 3 


4 . 5 


— 


— 


bl [14] 


4 . 3 


4 . 5 


— 


— 


bl [15] 


4 . 3 


4 . 5 


— 


— 


bl [4] 


3 . 8 


4 . 0 


— 


— 


bl [5] 


3 . 8 


4.0 


— 


— 


bl [5] 


3 . 0 


4.0 


— 


— 


bl [6] 


3 . 8 


4 . 0 


— 


— 


bl [7] 


3 . 8 


4 . 0 


— 


— 


bl [8] 


4 . 3 


4 . 5 


— 


— 


bl [9] 


4 . 3 


4 . 5 


— 


— 


clc 


1 . 9 


9.5 


1.9 


9.5 


Figure 


3.18 


Stage_l Output Delays 
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OUTPUT DELAYS (ns) 



Output 


Phi (r) Delay 


Ph2 (r) 


Delay 




Min 


Max 


Min 


Max 


a2 [0] 


1.6 


5.2 


1.6 


5.2 


a2 [10] 


4 . 3 


4.5 


— 


— 


a2 [11] 


4 . 3 


4.5 


— 


— 


a2 [11] 


4 . 3 


4.5 


— 


— 


a2 [12] 


4 . 3 


4 . 5 


— 


— 


a2 [13] 


4 . 3 


4 . 5 


— 


— 


a2 [14] 


4 . 3 


4.5 


— 


— 


a2 [15] 


4 . 3 


4.5 


— 


— 


a2 [ 1 ] 


3 . 1 


6 . 3 


3.1 


6.3 


a2 [2] 


2 . 3 


8.0 


2.3 


8.0 


a2[3] 


3.1 


9 . 2 


3.1 


9.2 


a2[8] 


4 . 3 


4.5 


— 


— 


a2 [9] 


4 . 3 


4.5 


— 


— 


b2 [10] 


4 . 3 


4 . 5 


— 


— 


b2 [11 ] 


4 . 3 


4 . 5 


— 


— 


b2 [12] 


4 . 3 


4 . 5 


— 


— 


b2 [13] 


4 . 3 


4.5 


— 


— 


b2 [14] 


4 . 3 


4 . 5 


— 


— 


b2 [15] 


4 . 3 


4 . 5 


— 


— 


b 2 rs] 


4 . 3 


4.5 


— 


— 


b2[9] 


4.3 


4.5 


— 


— 


c2o 


1.9 


9.5 


1.9 


9.5 


dO [0] 


3 . 5 


3.7 


— 


— 


dO [1 ] 


3 . 5 


3.7 


— 


— 


dO [2] 


3 . 5 


3.7 


— 


— 


dO [ 3 ] 


3.5 


3.7 




“ — — 


Figure 


3 .19 


Stage_2 Output 


Delays 
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OUTPUT DELAYS (ns) 



Output 


Phi (r) 


Delay 


Ph2 (r) 


Delay 




Min 


Max 


Min 


Max 


a3[0] 


1.6 


5.2 


1 . 6 


5.2 


a3 [12] 


3 . 8 


4.0 


— 


— 


a3 [13] 


3 . 8 


4.0 


— 


— 


a3 [14] 


3 . 8 


4 . 0 


— 


— 


a3 [15] 


3 . 8 


4.0 


— 


— 


a3[l] 


3.1 


6 . 3 


3 . 1 


6 . 3 


a3 [2] 


2 . 3 


8 . 0 


2 . 3 


8.0 


a3 [3] 


3.1 


9.2 


3.1 


9.2 


b3 [12] 


3 . 8 


4 . 0 


— 


— 


b3 [13] 


3.8 


4 . 0 


— 


— 


b3 [14] 


3 . 8 


4.0 


— 


— 


b3 [15] 


3.8 


4 . 0 


— 


— 


c3o 


1.9 


9 . 5 


1.9 


9.5 


d3 [0] 


3.8 


4.0 


— 


— 


d3 [1] 


3 . 8 


4 . 0 


— 


— 


d3[2] 


3 . 8 


4 . 0 


— 


— 


d3[3] 


3.8 


4 . 0 


— 


— 


d3 [ 4 ] 


3.8 


4 . 0 


— 


— 


d3[5] 


3.8 


4 . 0 


— 


— 


d3 [6] 


3 . 8 


4 . 0 


— 


— 


d3[7] 


3 . 8 


4.0 




___ 




Figure 3.20 


Stage_3 


Output Delays 
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U O ijJ 



OUTPUT DELAYS (ns) 



Output 


Phi (r ) Delay 


Ph2 ( r ) 


Delay 




Min 


Max 


Min 


Max 


a4 [0] 


1 . 6 


5.2 


1.6 


5.2 


a4 [1] 


3.1 


6.3 


3.1 


6 . 3 


a4 [2] 


2.3 


8.0 


2 . 3 


8 . 0 


a4 1 3] 


3.1 


9.2 


3 . 1 


9.2 


c4 


1 . 9 


9 . 5 


1.9 


9 . 5 


d4 [0] 


4 . 0 


4 . 2 


— 


— 


d4 [10] 


4 . 0 


4.2 


— 


— 


d4 [11] 


4 . 0 


4 . 2 


— 


— 


d4 [1] 


4 . 0 


4.2 


— 


— 


d4 [1] 


4 . 0 


4 . 2 


— 


— 


d4 [21 


4 . 0 


4 . 2 


— 


— 


d4 [3] 


4 . 0 


4 . 2 


— 


— 


d4 [4] 


4.0 


4.2 


— 


— 


d4 [5] 


4 . 0 


4 . 2 


— 


— 


d4 [6] 


4 . 0 


4 . 2 


— 


— 


<34 [7] 


4 . 0 


4 . 2 


— 


— 


d4 [8] 


4 . 0 


4.2 


— 


— 


d4 [9] 


4 . 0 


4 . 2 


” ” ” 


___ 


Figure 
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cq co 



OUTPUT DELAYS (ns) 



Output 


Phi (r) 


Delay 


Ph2 (r ) 


Delay 




Min 


Max 


Min 


Max 


carry 


3 . 3 


3 . 5 


— 


— 


SUE [ 0] 


4 . 3 


4 . 5 


— 


— 


SUIT. [10] 


4 . 3 


4.5 


— 


— 


sum [ 11 ] 


4 . 3 


4 . 5 


— 


— 


sum [12] 


4.3 


4.5 


— 


— 


sum [13] 


4 . 3 


4.5 


— 


— 


sum [14] 


4 . 3 


4 . 5 


— 


— 


sum[15] 


4 . 3 


4 . 5 


— 


— 


sum [ 1 ] 


4 . 3 


4 . 5 


— 


— 


sum [2] 


4 . 3 


4 . 5 


— 


— 


sum [ 3 ] 


4 . 3 


4 . 5 


— 


— 


sum [4] 


4 . 3 


4 . 5 


— 


— 


sum [5] 


4 . 3 


4.5 


— 


— 


sum [ 6 ] 


4 . 3 


4 . 5 


— 


— 


sum [ 7 ] 


4 . 3 


4 . 5 


— 


— 


sum [ 8 ] 


4 . 3 


4 . 5 


— 


— 


sum. [ 9 ] 


4 . 3 


4 . 5 
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4 . Results 

The results of the comparison between a standard 16 
bit library adder and custorr. pipelined 16 bit adder are shown 
in Table VIII. These figures do not include delay associated 
with interstage flip-flops. 



TABLE VIII 

SIZE AND PERFORMANCE SUMMARY 





TOTAL AREA 
(Sq mils) 


MAXIMUM PROPAGATION 
Delay (ns) 


GENESIL 
16 BIT ADDER 


219.33 


27 . 2 


CUSTOM 16 BIT 
PIPELINED ADDER 


7424 . 87 


9.5 
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E. PERFORMANCE SUMMARY 

Table IX is a summary of the size and performance results 
of the adders designed and constructed in this chapter. 



TABLE IX 

ADDERS SIZE AND PERFORMANCE SUMMARY 





TOTAL AREA 
(Sq mils) 


MAXIMUM PROPAGATION 
Delay (ns) 


GENESIL 
FULL ADDER 


26.15 


5.2 

i 


CUSTOM 
FULL ADDER 


18 . 34 


i 

5 . 0 


GENESIL 
4 BIT ADDER 


65.07 


1 

9 . 4 


I CUSTOM 4 BIT 
CLA ADDER 

| 


107 .76 


j 

9.0 j 

1 


GENESIL 
1 16 BIT ADDER 

. j 


219.33 

[ 1 


i 

27.2 i 

— i 


CUSTOM 16 BIT i 

PIPELINED ADDER! 

! 


! 7424.87 

1 


i 

9.5 i 

i 



The data indicate that there is no significant performance 
advantage gained with the custom full and 4 bit adders. The 
custom 16 bit pipelined adder data clearly illustrate the 
performance advantage gained by pipelining. 
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1 v • MU LTIPL I E R CIRCU IT S 

A . INTRODUCTION. 

The binary multiplier is a major component of signal 
processor filters. Conventional ALU add and shift multiply 
functions and parallel multiplier circuits are not adequate 
for the speed requirements of the high speed processor. This 
chapter presents performance data on 4 , 8, and 16 bit unsigned 

library multipliers, which are compared to a custom. 4 and 16 
bit pipelined multiplier. 

The multiplication add-and-shif t algorithm for two r.-bit 
binary numbers are represented by Equation 4.1 [Refs. 11 and 
1 6 1 . 



n- 1 k 

v = 2 2 a b (4.1) 

k = 0 k 

b represents the n-bit multiplication vector, a 
represents bits r. of the multiplier vector a and p 
represents the 2 n bit product vector. [Ref. 16:p. 11] 

This concept is illustrated in Figure 4.1 [Ref. 16:p. 11] for 
the product of two 8-bit integers. The multiplication of the 
two 8-bit integers results in eight partial products, 
generated from the ANDING of the multiplicand {MO and 
multiplier (MP) bits, which are then added to form the final 
product . 
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Ficure 4.1 Two 8-Bit Inteaer Prod; 
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B. 4, 8, AND 16 E IT GENESIL LIBRARY MULTIPLIER 

1 . Mult iplier B 1 ock Array Core 

The Genesil library multiplier block array core is an 
array cf half and full adders which provides a parallel 
multiplier scheme for integer and fraction/mantissa portions 
of floating-point numbers. In depth parallel multiplier 
theory and schematics are contained in Reference 4:pp. 344- 
348. The multiplier block array core and operation 
illustrating the product of 111001 multiplied by 1101 is shown 
in Figure 4.2 [Ref. 13 :p. 4.3] . The block is designed for 
unsigned integer multiplication and requires external 
circuitry for signed operations. The least significant (LI' 
bits are produced directly from the array, but an external 
adder is required to complete the partial product addition of 
the most significant (MS) bits. The multiplier and 
multiplicand widths can be varied from. 4 to 32 bits, but the 
multiplier width cannot exceed the multiplicand width. 
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Figure 4.2 Multiplier Block Array Core and External Adder 
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2. 4, 8, and 16 Bit Multip l ier Data 

Three modules, containing 4. 8, and 16 bit Genesil 
library multipliers and external adders, were constructed from 
the Specification Menu. Each was simulated for correct logic 
and processed by the Timing Analyser for propagation delay 
data. The results are summarized in Table X. 

TABLE X 

4, 8, AND 16 BIT OUTPUT PROPAGATION DELAYS 







i OUTPUT PROPAGATION 




1 


1 DELAYS (ns) 


r 




MIN 


MAX 


I 4 


B 






1 


KS_SUM 


3 . 2 


10.9 


1 


LS_OUT 


3.1 l 


10.3 i 


1 

l 


MS_OUT 


5 . 3 


18.8 i 

| 1 


i e 


BIT 


! 


j 


1 


MS_SUM 


1 4.1 


24.4 1 


i 


L ? OUT 


! 3.2 


23 . 4 


i 

1 


MS_OUT 


5 . 9 

1 ...j 


38.2 

i 


f 16 


C T ™ 


i 


1 


j 


MS_S T JM 


1 4.6 


51.0 




LS_OUT 


1 3.2 | 


| 49.4 1 


1 

L_ 


MS_OUT 


6.9 


1 77.0 

I _J 



The MS_SUM data are the propagation delays of the array core 
only. MS_OUT is the total propagation delay of both the core 
and external adder. 

The addition of D flip/flops between the core and 
external adder in Figure 4.2 decreased the propagation delay 
driving the maximum clock speed allowable for the circuit to 
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that of the MS_SUM output propagation delay. The D F/F inputs 
were MS_SUM, MS_CAP.RIES , and LS_OUT. MS_SUM and MS_CARRIES 
were then clocked into the external adder or next stage cf the 
pipeline. Table XI illustrates the theoretical allowable 
clock speed of a circuit using the multiplier modules 
considering each module with and without the D flip/flop 
insertion. The modules without D flip/flops inserted between 
the core and external adder, clock speeds were calculated 
assuming there was a D flip/flop attached to the outputs of 
the external adder and LS_OUT. 



TABLE XI 

THEORETICAL CLOCK SPEED OF 
4, 8, AND 16 BIT LIBRARY MULTIPLIER 



CLOCK SPEED (MHZ) ! 



( i WITHOUT 1 


! WITH 


! ' D F/F 1 


| D F/F j 


I 1 T^JSTrprpTm 

i r 


INSERTED j 
| 


i 4 BIT MULTIPLIER! 39.5 

i 1 


57 . 4 

. j 


! 8 BIT MULTIPLIER i 22.3 

i 


32.3 j 

j 


i 16 BIT MULTIPLIER' 11.3 
I 1 1 


17.3 j 



The data indicate that there was a significant increase of the 
allowable clock speed of a circuit using the multiplier 
modules with the addition of the D flip/flop inserted between 
the core and external adder. 
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C. 4 BIT PIPELINED MULTIPLIER 
1 . Introduction 

This section presents performance data for a 4 bit 
pipelined multiplier using the Wallace Tree structure. Figure 
4.3 illustrates a 4X4 multiplication in dot form [Ref. 16]. 



Figure 4.3 4X4 Multiply 

After the partial products are formed, the three right columns 
of partial products are shifted down to form a pyramid or 
tree, as illustrated in Figure 4.5 [Ref. 16]. 



Figure 4.4 Wallace Tree Partial Products 
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Next, 3-input, 2-output full adders are used to compute carry 

save addition (CSA) for column reduction. 

To reduce these columns of height h, CSA is used to reduce 
three dots of column height to two. These two output dots, 
which represent the familiar sum and carry outputs of a full 
adder, are placed in the next level of the tree structure in 
their appropriate posi tions . [Ref . 16:p.l6] 

This concept is illustrated in Figure 4.5 for a 4X4 

multiplication. 







FIRST LEVEL CSA 



SECOND LEVEL CSA 



LAST LEVEL CSA 



Figure 4.5 CSA Reduction 4X4 Multiplication 

Once reduced to the last level addition, various CLA and 
pipelined ripple adder designs are available for increased 
performance . 
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2 . 



4 Bit Pip e line d Multi p lier Design 

The 4 bit pipelined multiplier was designed using the 
Wallace Tree Structure, with D flip/flops inserted for 
pipelining. A block diagram, of the module is shown in Figure 
4.6. All partial products were generated simultaneously by 
the 16 AND gates. Next, the partial products were reduced 
using the Wallace Tree concept described in section 1. The 
final level additions were computed by a pipelined Genesil 
library 2 bit ripple adder and a 3 bit ripple adder. 
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3 FULL ADDERS 
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1 


D F/F’s 



LEVEL ONE (W 1) 



| 3 BIT D F 



! 

/F | 



4 FULL ADDERS 



LEVEL TWO (W 2) 




3 BIT RIPPLE ADDER j 

I I I I 



P 7 P 6 P 5 P 4 



4 BIT D F/F I 

rf 



P 3 P 2 PI PO 



LEVEL FOUR (W_4) 



Figure 4.6 Custom 4 Bit Pipelined 
Multiplier Block Diagram 
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The module consisted of 4 blocks called W_1 , W_2 , 

W_3 , and W_4 . The module was attached to a chip, 
f loorplsnned , and simulated to test for correct logic. Figure 
4.7 depicts the floorplan. 

Figure 4.8 shows the 4 Bit Multiplier Chip with pads, 
clock, ground, and power. Timing analysis was performed by 
the system Timing Analyser for output propagation delays at 
each level. The results are presented in Table XII. 

TABLE XII 

4 BIT PIPELINED MULTIPLIER OUTPUT PROPAGATION DELAYS 



j BLOCK 

i i 

j | 


1 OUTPUT PROPAGATION 


DELAYS (ns) 


1 MIN i 

1 1 


MAX 


i 

i 


3.7 1 

. 1 . __ 


6 . 8 


I W 2 
) 


3.5 I 


4.7 1 

i 


i W 2 

j. i 


4.3 i 

1 i .. 


6.6 I 

. _ - i 


j W 4 ! 

1 i 


1 3.5 i 

i i 

1 I 


7.6 j 

_j 



The data indicate that the longest output propagation delay 
was 7.6 ns, which occurred in block W 4. 
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Figure 4.7 4 Bit Pipelined Multiplier Floorplan 




Figure 4.8 4 Bit Pipelined Multiplier Chip 
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D. 16 BIT PIPELINED MULTIPLIER 

The purpose of the work reported ir. this sectior. was to 
build a strictly high performance 16 bit pipelined multiplier 
chip which could be rapidly tested and de-bugged. Two designs 
were considered. They were the Wallace Tree structure and 
ripple adder design using a pipelined parallel multiplier with 
all partial products computed prior to array entry. 

The Wallace Tree structure was rejected because, while it 
saved only two levels of logic, the design presented serious 
de-bugginc difficulties. It was found to be extremely 
difficult to trace and debug signal errors when the column 
height was 16. 

The design used was the pipelined parallel multiplier. 

The primary advantage of this design was found to be the 
relative ease of de-buggir.g the chip. The primary 
disadvantage was the additional cost in hardware and chip size 
associated with D flip/flop delays used to align and save 
intermediate results [Ref. 12:pp. 51-53]. 

1 . 16 Bi t P ipelined Multiplier De sicn 

The 16 bit pipelined multiplier was designed using a 
pipelined parallel multiplier, and pipelined ripple carry 
adder hardware for summing the final partial products. A 
design block diagram is shown in Figure 4.9. All partial 
products were generated simultaneously by the 256 AND gates. 
This initial partial product generation is also necessary for 
the Wallace Tree structure. Partial product reduction car. be 
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accomplished by Booth’s modified algorithm and read only 
memories (ROM) [Ref. 19), but neither were pursued in this 
design. The partial products were then reduced with full 
adders, aligned, and rippled through the array with D 
flip/flops . 
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LEVEL 1 




c-------------- 

o LEVELS 3 THROUGH LEVELS 8 
o ARE DUPLICATIONS OF LEVEL 2 




Figure 4.9 Custom 16 Bit Pipelined Multiplier Block Design 
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Eleven levels of blocks were used to construct the 
multiplier. These were then attached to a chip, which also 
included input/output pads, clock, power, and ground. The 
chip was then f loorplanned , and the floorplan, with pads, is 
shown in Figure 4.10. 

The chip was tested for correct logic using the 
system simulation feature. Ten to fifteen random 16 bit 
unsigned integers were inserted on the input signals. 
Although the tests run were not all inclusive, the results 
indicated correct logic for the inputs tested. 
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1.10 16 Bit Pipelined Multiplier Floorplan 
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Tirr.ir.g analysis was performed by the system Timing 
Lyser for output propagation delays at each level. The 
:lts are presented in Table XIII. 

TABLE XIII 

16 BIT PIPELINED MULTIPLIER OUTPUT PROPAGATION DELAYS 



LEVEL 


OUTPUT PROPAGATION 
DELAYS (ns) 


MIN 


MAX 


i 

i 


4 . 7 


5.8 


! 2-8 

i ... 


7 . 2 


10 . 4 


1 9 

l 


7.9 


8 . 1 


i 10 

i 


7 . 9 


8 . 1 

! 


' ii 

i 


7.9 


8.1 1 
1 



data indicate that the longest delay in the circuit is 
ns. occurring in each level 2 through 8. 

PEP FOP.MAUCE RESULTS 

Table XIV is a summary of the performance results of the 
ipliers designed and constructed in this chapter. 
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TABLE XIV 

MULTIPLIER PERFORMANCE RESULTS 





MAX DELAY 
(ns ) 


NO. OF 
STAGES 


CLOCK RATE j 
(MHZ) 


4 BIT GENESIL (WITH LATCH) 


10 . 9 


1 


57 . 4 


8 BIT GENESIL (WITH LATCH) 


24.4 


1 


32 . 3 


16 BIT GENESIL (WITH LATCH) 


51.0 


1 


17.3 


4 BIT WALLACE (PIPELINED) 


7.6 


1 


70.9 


16 BIT PARALLEL (PIPELINED) 


10 . 4 


8 


59.1 



The data clearly illustrate the performance advantage gained 
by using the custom pipelined multipliers for high performance 
tasks . 
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V. 



CONCLUSIONS 



A. SUMMARY 

This thesis has described the applications of silicon 
compilers, and the design methodology of the Genesil Silicon 
Compiler. The Genesil Silicon Compiler methodology was 
demonstrated with the design and verification of custom 
pipelined adder and multipler circuits. 

The Genesil Silicon Compiler system is a rapid and 
efficient stand-alone tool for algorithm to hardware 
implementation and verification. Rapid iterative design, 
simulation, and timing analysis is possible because the system 
requires no user initiated programming. 

The Genesil system user's manuals state that it is 
assumed the user has attended the Genesil Silicon Compiler 



user school. 


The manuals 


are reference 


manuals . 


and 


tutorials for 


new users. 


The new user , 


however , 


can 



learn the system. 

The user should thoroughly pre-plan design and 
performance specifications because there is not a plot "screen 
dump" capability on the system. The user must manually track 
and record all signal and object changes if an updated design 
plot is desired at the end of a session. 

Object compiling and channel routing times for the 
circuits designed in this thesis were longer than anticipated. 
In order to expedite object compiling during design iterations 
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and de-bugging, object sizes (i.e., blocks, nodules) should be 
as snail as practicable. The systen. auto placenent and 
routing features decreased routing times, but were less 
efficient than manual placement for overall object size. 

Complete chips, with all associated hardware, consumed 
much system memory. During thesis research, chips and objects 
were stored on tape backups when memory availability became 
critical. All design and performance specifications can be 
verified at the block and module levels, which saves memory 
and routing time. 

B. RECOMMENDATIONS 

The following recommendations should be considered: 

1. Research the area of optimum chip test algorithms 
prior to foundary tapeout . Investigate the full Genesil 
Compiler System Corporation's capabilities in the test area. 

2. Purchase a plotter for plot "screen dumps" for rapid 
intermediate design schematics. 

3. Transfer the system to the VAX 785 for more memory 
capability and faster tape storage capabilities. 

4. Following system transfer to the VAX 785, establish a 
user custom library for high performance modules including 
pipelined integer multipliers, floating point multipliers, 
signed multipliers, and adders. 

5. Do design, layout, simulation and Timing Analysis 
without pads for memory and routing time efficiency. 
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APPENDIX 



GENESIL SILICON COMPILER TUTORIAL 
A. INTRODUCTION 

The purpose of this tutorial is to guide the new user 
through the mechanics of a Genesil system hierarchical top- 
down chip design. Designs may be implemented either top-down 
or bottom up. The tutorial begins with designing two basic 
blocks, followed by a multiplier module, and summarized with 
the design of a chip which uses the two blocks as its core. 

Prior to beginning the initial session, the user should 
become familiar with the Svstem Description Users Manual , in 
particular. Chapters 2 and 3. The next manual of interest is 
the Svstem. Description A pplication Commands manual, which 
contains detailed explanations of user invoked commands. The 
new user shoe Id periodically refer to Appendix A (Genesil 
System Menu Map' of the S ystem. Descript ion A pp l ic ation 
Coc.rr. 5r.ds manual during initial sessions. 

1 • Des ign M et hod 

All design and performance specifications should be 
pre-planned, including a detailed sketch with all signal 
names. The basic stand-alone object which can be attached to 
a chip is the block. Blocks may be attached to modules or 
chips, but not to other blocks. Modules, the intermediate 
object in the hierarchy, may be attached to other modules and 
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chips. There are no chip size constraints in the Genesil 
system, although this is dicated by the selected foundary. 
Large designs can, therefore, be implemented with chipsets. 

2 • Operating System 

Genesil runs under the UNIX operating system. The 
user is referred to the UNIX For Genesil Users manual for 
detailed UNIX pathnames information. The pathname is the full 
name of an object in the Genesil system. The user is referred 
to page 4.8 in the System Desc ription Users Manu al for naming 
conventions details. 

B. TUT0RBLK_1 ELOCK 

This section contains a step-by-step design of a block 
named tutorblk_l . The block will contain two random, logic 
objects, which are a 4 bit adder (AO) , and 5 bit D F/F (DFF1) . 
The pre-planned schematic of the block, including all signa l 
names is shown in Figure A.l. 

tutorblk 1 



Cin 
a [3 : 0] 
b [ 3 : 0 ] 




DFF1 [4:0] 



Figure A.l Tutorblk_l 
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Since the system is menu driven, it is important to have a 



detailed schematic with signal names clearly marked. The same 
signal name cannot both enter and leave the same object . 

All commands may be executed by typing in the command 
next to the prompt followed by a RETURN, by using the arrow 
buttons located on the upper right side of the keyboard to 
scroll through the commands followed by a RETURN, or by using 
the MOUSE. All following command instructions assume the user 
is using the MOUSE. The instruction select SOME_THING, means 
use the mouse to move the cross-hairs to SOME_THING and press 
the execute button (right hand button) on mouse. 

1. While in the Executive menu (upper right corner of 
screen) : 

a. Following LOGIN and GENESIL entry, select 

CONTINUE . 



b. Select SELECT_03 JECT (Figure A. 2). This is 
normally always the initial command in order to attach objects 
to the user mee. 

c. Select ATTACH (Figure A. 3), followed by NEW 
(Figure A. 4' since this block is the intital object. 

d. Select BLOCK (Figure A. 5) since this is the 
object type desired. 

e. Next type in tutorblk_l , at the prompt followed 
by a <CR> . This is now the name of a new, yet to be defined, 
block, as indicated by the successful creation statement on 
the screen . 
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governed by a license agreement with SCS, and the software shall be used 
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RESTRICTED RIGHTS LEGEND 

Use. duplication or disclosure by the Government 
is suoject to restrictions as set forth in 
subparagraph (cMIMii) of the Rights in 
Technical Data and Computer Software clause 
at 252 227-7013 
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This software is protected a* an unpublished work and the copyright notica 
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»ecr»t* of Silicon Compiler Sy*t#m* Corporation Th • reproduction, 
transfer or use of thi* software or th# supporting documentation is 
governed by a license agreement with 5CS» and th# software shall be us«d 
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RESTRICTED RIGHTS LEGEND 

Use, duplication or disclosure by the Government 
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INSERT MESSAGES GRAPHICS OVERLAP RECORD UTILITY 



CANCEu BLOCk CENERAl_MODULE CHIP CHIP_SET 

PARALLEL _BP 
RAND0nj_0CIC 
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Figure A. 5 
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f. Select BACK, which returns the user to the main 
Executive menu. 

g. Now select SE1ECT_CB1ECT , and on the next screen 
select DOWN. The next screen should indicate a list of sub- 
objects on the right side of the screen (Figure A. 6) . Select 
tutorblk_l and it will now be attached to the tree. 

h. Now go BACK to the initial Executive menu (Figure 

A. 2) . 

2. The block now needs to be defined: 

a. Select DEFINITION (Figure A. 2). The next screen 
is the initial Definition menu (Figure A. 7) as denoted by the 
upper right hand corner cf the screen. The upper left hand 
corner indicates the object types and pathnames. 

b. Select HEADER (Figure A. 7). The next screen 
(Figure A. 8) is the Header form.. Select RANDOM_LOGIC under 
Function type. CONFIRM it, then select VTC_CP10E under Fab 
line . 

c. Next ACCEPT_FORM (Figure A. 8) w'hich will return 
the screen to the Definition menu. Now select SPECIFICATION 
which moves the screen to the RANDOM LOGIC Functional 
Specification form (Figure A. 9). 

d. Select NEW (Figure A. 9), and a random logic 
library pops up on the right side of the screen. Select ADDER 
and DFF from, the logic library. 
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Use, duplication or disclosure by the Governmen 
is suDject to restrictions as set forth in 
subparagraph <c)<lMii) of tne Rights in 
Technical Data and Computer Software clause 
at 252 227-7013 
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Gene r a 1 _B I oc k . ''’9 ens e 1 1 1 •/ s e 1 1 1 • / 1 u t or b 1 k_l Definition 

Genesil Vimon v7 O — * 

) Genesil (tm) System Version v7. 0 

> 

) Copyright Silicon Compiler Systems Corporation 19B8 
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> Licensed Materiel — Program Property of SCS — All Rights Reserved 
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/ This software is protected as an unpublished work and the copyright notice 

> does not imply publication This software contains confidential trade 
) secrets of Silicon Compiler Systems Corporation The reproduction. 

' transfer or use of this software or the supporting documentation ±s 

governed by a license agreement with 9CS» and the software shall ce used 
solely in accordance with such agreement. 

> 

) RESTRICTED RIQHTS LEGEND 

) 

/ Use. duplication or disclosure by the Government 

) is subject to restrictions as set forth in 

/ subparagraph (c>(l)(ii) of the Rights in 

> Technical Data and Computer Software clause 

) at 252 227-7013 
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definition: 



Figure A. 7 



93 



G«nerjl_Block N geniettle/»«tt le/tutorblk_l 


sj m 7 r\ _ _ T 


Object Type BLOCK 
-unction type 

Ei ternal 


W V M C » 1 * YCf 

FCX_BLOCK 


v / . u 

FIFO 


Label 


LPLA 


LR AM 


LROM 


MULTIPLIER 


PAD 


Parallel _D a t a p a t h 


PLA 


RAM 


Rand om_Log i c 


ROM 





Technology 
Fab 1 1 n p 



An I _CT20A 


CEN_CN20A 




CEN_CN30A 








GEN_CF 12A 
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US2_CN20A 


UTC_CN16A 




UTC_CP 10 B 








VTC_CP 1 2 A 


VT I ~C N20A 












Created By gensettle 




Date 


Mon Aug 22 21 


09 


56 l 9 S 6 




wast Modified 

Status 




Date 


Mon Aug 22 21 


09 


59 1998 




Compile parameters 
COMP I l£R TyFl 


STANDARD 




NONE 




estimate 





Notes 
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CANCf.u 
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Figure A. 8 
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Random_Logic • n* • t t 1 e / * e t t 1 # / t u t or b H _l Random Logic Bloc* Editor 

— Genes 1 1 Version v7 0 — 

RANDOM LOGIC Functional Specification 



INSlR t MESSAGES GRAPHICS FOR'*’ 



OVERLAY 



RECORD vTIlI T v * 



a:cr p-_-o*~ 

R J GEQnhOLE 
CANCEL 



CmEC»* _FOR r< NEw 

Save SIGNALS 

TECH_CHlC v UNUSED 



TE * T_SREC 



: Dtr i or.: 



Figure A»9 
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e. Now select BACK and the 
the RANDOM LOGIC Functional Specific 
with the ADDER and DFF included. 

f. Select EDIT, which is a 
A. 10) and the next screen will be a 
adder (Figure A. 11). Details of all 
specification forms are found in the 
Li brary Vol I , Blocks . 



screen should be back in 
ation form (Figure A. 10) 

djacent to ADDERO (Figure 
specif ication form for the 
random logic 

G enesil Silic on Cor. p i l_er 



g • 


Fill in the adder 


Figure A. 12. 


Select EXPAND fo 


desired and 


select COMPRESS to 


h. 


Select NEXT (Figu 



specification menu fcr the DFF. 
Fi cur e A . 1 3 . 



specification form as shown in 
a line-by-line entry form if 
return . 

e A. 12) , which pulls up a 
Fill it out as shown in 



i. Now select BACK to return to the RANDOM LOGIC 
Functional Specification form (Figure A. 10). 

j. Select SIGNALS (Ficure A. 10) and the screen shows 
a signal list of the block. Make the signals correspond to 
Figure A. 14 by selecting I, 0 and L next to the signal names. 
This cleans up the circuit because the system assumes the user 
desires Both normally. 

k. Now select BACK to return to Figure A. 10. 

l. If desired, VIEW may now be selected for a block 
diagram, with signals, for inspection. Use BACK to return to 
the specification form. 
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R an d om_Lo g i c : en * e 1 1 1 e / s e 1 1 1 e / 1 u t or b 1 k _1 Random Logic Block Editor 

— Gene si 1 Version v7 0 

RANDOM LOGIC Functional Specification 



DEL EDIT MOVE 0: >ADDER0 (ADDER) 

DEL EDIT MOVE 1: >DFF 1 (DFF) 
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Overlay RECORD UTILITY 


ACCEF~_PDRh 
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save 


SIGNALS 


DELETE_GRDUP TE * T _SPEC 


cancel 


TECH_CHECK 


UNUSED 


EDIT __GROUP 



: definition: 



Figure A.1Q 
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Random_Logic ''■gensett le/»ett 


: 1 e / tu tor b 1 k _1 Random Logic Block Editor 

— Cenesil Version v7 0 



Random Logic Block Specification 



Block type ADDER 

Block indei 0 
Name > ADDERQ 

Width. >_4 




Reg l me 

Connector Width 5 Timing 

A 4 1 Pr op ( t ) 

B 4 1 Pr op ( t ) 

OUT 4 1 Prop(t) 

C IN 1 l Pr op ( t ) 

COUT I 1 Prop(t) 

FEED 4 l Fpefltfiru 


>FALBE*4 
>FALBE*4 
>NC*4 
>F ALSE 
>NC 

>FAlSE*4 



INEEF" MESSAGES GRAPHICS 


FORM Uv't«uA y RECORD vTIl1i v 


E AC ► NEjT 





I DEFINITION 


Figure A. 11 
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Random_Logic ^g en s • t t 1 • /a • t t 1 • / t u t or b 1 fc _1 Random Logic Block Editor 

Geneail Virtion v7 0 — — 

Random Logic Block Specification 



Block type 
Bloc* jndei 
Name 
Wi o th 



Regime 



Connec tor 
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Width 
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1 


Timing 
Pr op ( t ) 


>aC3: 03 
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Pr op ( t ) 
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Pr op ( t > 
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Pr op ( t ) 
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COUT 
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Pr op ( t ) 
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FEED 


4 


1 
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ADDER 
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>ADDERO. 
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NEXT 


Expand 







. definition: 



Figure A. 12 



Random_Logic *^g e n % e 1 1 1 e / % e 1 1 1 • / t u t or b 1 k _ 1 Random Logic Block Editor 

Cen«ti 1 Version v7 0 — 

Random Logic Bloch Specification 
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Figure A, 13 
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Rand om_Log i c 



s, gen*attl»/*ettla/tutorb 1 k_l 

Gen e 1 1 1 Vernon v7 0- 

SICNALS 



Random Logic Block Editor 



signal type INPUT OUTPUT 10 



I np u 


t s 


DEL 


I OBL 


DEl 


ICBL 


DEL 


ICDL 


DEl 


I OBL 


Outputs 


DEL 


IGBl 


DEl 


LGBw 


DEL 


iobl 
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>p r a s e_b 
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LOCAL 
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siting] 

Figure A. 14 
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r. Now select ACCEPT_FORM, and after the system 
writes the text file and validates the form, the screen should 
be back to the Executive menu (Figure A. 15) . 

3. The block will now be compiled: 

a. From Figure A. 15 select COMPILE. The next screen 
gives the user various compile options including simulation, 
timing analysis, and layout. Since all will be used later, 
select BUILD_ALL (Figure A. 16). 

b. At completion of compile, the screen will again 
return to the Executive menu (Figure A. 17). 

4. The block will now* be simulated. Detailed simulation 
inf crm.aticr. car. be found in the Simulation Users Guide : 

a. Select SIMULATION (Figure A. 17). 

b. Select GFL then SIMULATE on the Simulation 
Environment form (Figure A. 18' . Notice the system, is now in 
the Functional Simulator (upper right hand corner of screen). 



c . 


Select 


BIND (Figure A. 


19) to input signal values 


d . 


Select 


MULTIPLE_SIGS ( 


Figure A. 20) since there 


ral 


signals 


to input . 




e . 


Type i 


n a [0 ] etc . , and 


the value (0 or 1) as 



prompted. Use the values shown in Figure A. 20 as initial 
examples . 

f. When all desired signal values have been entered, 
select BACK (Figure A. 20). 

g. Now select CYCLE and 2 (Figure A. 21) to cycle the 
system, clocks twice. 
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Random^Logic ^ g en s e 1 1 1 e / » * 1 1 1 e/ t u t o r b 1 k _1 Eucuti v* 

Z Genes ll Version v7. 0 

*_L 1 2. SIGNAL M a 0 C 3 OLaOcout 1 ' 

0.1 3/ SIGNAL "dfflC4 01 " 

) Created signal '■ dfflC43" 

) Created signal "dfMCSD" 

) Created signal "dfflC23" 

) Created signal "dfflClD" 

> Created signal "dfflCOD" 
t_L 1 o. SIGNAL "TRUE" 

BACK 

S 1 GnalS 

0UTP'JT_S1GNAL 4_L1 0, L 
0UTPUT_S1GNAL s _L 1 1; L 

CONF IPm 
BACK 
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5 Form is valid 
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BACK 
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Figure A, IS 



Rend om_Log l c ^g en t e t t 1 e / • e t t 1 e / t u t or b 1 k _1 Compile 

Cenetil Vernon v7 0 
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BACK 
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. COha j w r 



Figure A ,26 
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Rand orr_Log i c *^g en s a 1 1 1 • / 1 • 1 1 1 * / 1 u t or b 1 k _1 E«#cutivf 

— Qenetil Vertion v7. 0 
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CLOCK PAIR- 
















ph a phase _a . phb phaie^ 
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♦E_total = 0 


15. E_cap=0 12 


E_ 


imax*0 03 


n J 






♦ P_a c 


= 0 00 
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♦P_ac 
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dissipation* 
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COMPILE 
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in 


Block 
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/ Capacitance for 'ph*se_a ' is 0 0& pf 

. Capa:itan:e for 'phase_b ' is 0 34 pf 

) I Peak a? current to VSS 12044 uA 

) Key Parameters 212 transistors. Dissipation 1 5 in i 1 1 i Ua 1 1 s ®5Vfc 1 Orth 2 
) K?y c a r ame t er s (set 124) Modified 

* Done with command COMPILE LGAD_MODEl in Block /tutorth_l 

Time; real=47s cpu=23s ( u= Its s-7 3s) <c=23s) 

) Executing command HARP* SIMULATOR BLOCK MODEL in Block /tutorbl 

> loaC - ng model <o r type RL 

Generating model for /mn t / g en / g e n se 1 1 1 e / se 1 1 1 e / 1 u t or b 1 k __1 type PL 

* Don? with command MARK SIMULATOR BLOCK MODEl in Block /tutorol»_l 

' Time? real=3is, cpu = lls ( u = o 0s. s =4 4s) ic = lC»s> 

i Don? with command Bj1lD_ALL 
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Figure A. 17 
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Random_Logic N gentettl*/iettle/tutorbH_l Functional Simulator 

Geneii 1 Version v7 0 — — — 

Simulation Environment 



3e t up Files 



Screen Definition Files 



Test Vector Files 



Comme n t 

> 



C omme n t 



Commen t 

> 



'help geme/<topic>) - help on genie, try help genie/help 
(help sim/«:topicD> - help on simulator 
(help sim/setup) - help on setup 
Some simulator commands 

(pi in st.) - print mitmc»(bloc (. module), shows connections 
<pn net' - print net sr.ows connections 
icV count; - clock count times 
(sk count) - step count times 

isnt net) - gets value of net as binary string 
< s n ret - gets ✓ a 1 u e of net as h»i string 
(whodri.es net) - show values of drivers on net 

in and snp no .longer using binding strengths 

see t r> e help info if you need the old bena.ior 
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Figure A. 18 



106 



Rand om_Log i c . en t e t t 1 * / s * t t 1 t / t u t o r b 1 k _1 Functional Simulator 

Genesil Vtrtion v7 0 — 

) INFO CLOCK PAIR: 

) pha phase_a. phb phaie_b 

) *E_totaI * 0 15,E_cap«0 1 2. E_i ma i »0. 03 nJ 
) *P_dc = 0 00 mW 

) *Plac « 1 50 mU) 85 . 5 v_Od e g C 8 1 OMH z < 1 17 mW «► 0 33 mW ) 

) «Tot a 1 power dissipation* 1 50 <nW 85. 5v_0d egC8lOMHz 

) Done with command COMPILE CATE SWITCH LVL MODEL ———in Bloc* / t ut or b 1 1 

) Times real»l5s; cpu"7 6s <u*5 2s« «»2. 4s) (c*7.2s) 

) Executing command COMPILE L0AD_M0DEL — — — in Bloc*. 'tutorblk_l 

) 

t Capacitance for 'phase.a' is 006 pf. 

) Capacitance for 'phase^b ' is 0.34 pf. 

) I Peal AC current tc VSS 12944 uA 

) Key Parameters 212 transistors, Dissipation 1 5 m i I 1 1 We 1 1 s 5V8 i OMn ; 

) Key Parameters (set 124) Modified 

) Done with command COMPILE lOaD_MQDEL in Bloc* ' tutorD h_i 

> Times real=47s. cpu=23s (u=16s, s*7 3s) ( c =2 J s ) 

> Executing command MARK SIMULATOR BLOCK MODEL in Bloc* /tutorblk_l 

) 

) loading model for type RL 

) Generating model for /mnt/gen/gen*ettle/*ettle/tutorblk_l type RL 
) Done with c ommand MARK SJMJlATQP CLOCK MODEL — - — --—in Eloc* 'tucorblk^l 
) Times real *3 1 s - cpu‘l Is ( u = 6 6s< s=4 4s) (c=10s> 

) Done with .ommand BUIlD_ALL 

SIMULATION 

GFL 

> Selecting Functional Model 
EMULATE 

) Checking file currency 

' Internal Object Hierarchy Initialized 
) Completing Data Gatne^ing Phase 
/ All f :les are up to date 
) Done with currency chec* 

) Lir-nng s l m model 
) phasea* phase_a phaseb- phase_b 



INSERT 


MESSAGES GRAPmlCS 




OVERlay 


RECORD UTILITY 


BACK 

BIND 

AS5EF T 


OUEP ^ 
CvCLE 
STEP 

PRG C AGATE 


HI EP_ LEVEL 

run_vectors 

UNBIND 

VERIFv_VALUE 


ENVIRONMENT 

SCRO-L 


NEWS GREENS 
PI > .SCREEN 
F OR MAT _SCR EE N 



C ommand 
:sim j_at ion: 

Figure A. 19 
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Rene) om_Log i c g e n s # 1 1 1 1 /% 1 1 1 1 t / t u t or b 1 k _1 Functional Simulator 

— — — — — — — CeneuI Version v7 . 0 — — — 

) 

> loading model for type RL 

) Generating model for /mn t / g en / g * n s e t t I e / s e t t I e / t u t or b 1 k __1 type RL 

> Done witn command MARK SIMULATOR BLOCK MODEL-—-——— — in Block /tutorblk_i 

> Times rea 1=31 s. cpu=l U <u=fc 0S. *»4 4s) (c*10s) 

) Done with command BUILD_ ALL 

SIMULATION 

CFV 

) Selecting Functional Model 
SIMULATE 

> Cnee* ing file currency 

) Internal Object Hierarchy Initialised.... 

) Completing Data Gathering Phase 
/ All *iies ar e up to date 
) Done with currency check 
) Linking sim model 

) prana- phase _a pnaseb= phase _b 

B1M 

MJlT IP_E_S1GS 

acc: 

0 

a[ 1 : 

1 

a[z: 

c 



cc: 

0 

Ml] 

Cj 

0 

t C 32 

1 



INSECT MESSAGES GRAPHICS OVEPLAV RECORD UTILITY 



B A> MUlTIPLE_SIGS CHOOSE_SIGS 

MOUE_DOHN 
MOVE _UP 



•. = t zc E I ND 
E I r " Ju A~ 1 Of j 



Figure A. 20 
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Genesil Version v7 0 — 

) Done with command MARK SIMULATOR BLOCK MODEL — — — 
) Times real-31s. cpu=l Is l u*6 8s< s-4 4s ) <c=10s) 

) Done with command BU1LD_ALL 
SIMULATION 

GFi_ 

> Selecting Functional Model 
SIMULATE 

) Checking file currency 

) Internal Object Hierarchy Initialized 
) Completing Data Gathering Phase .... 

) All files are up to date 
) Done with currency check 
) Linking sim model 

t phase a* phase _a phaseb* phast^b 

EIND 

MuLTIPLt_SIGS 
ai 01 
C 

a [ 1 3 
1 

alZ J 
0 

a [ 3 2 
1 

bCCO 

0 

bCl 3 



Functional Simulator 
-in Block /tutorblk 1 



cCCl 

0 

bC2J 

1 

E ACh 
C v C L E 



1 NSER T MESSAGES GRAPHICS 



OVERLAY 



RECORD UTI^IT^ 



E AC ^ 

E I ML 
assert 



Oi'ER v 
C i CLE 
STEF 

PROPAGATE 



H I ER_LcVEl 
RUN_VECTORS 
UNB I ND 
VER lFy^vALUE 



ENV 1 RijNMt NT NEu SCREENS 

SCROlL PICh_SCREEN 

FOR MAT _SCREEn 



Comm an : 

. S I m Ul a t IOn* p i 



Figure A. 21 
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h. Type in pi and depress RETURN (Figure A. 21). 

i. Now the screen should look like Figure A. 22, 
which has sir.ulated the block for proper logic. Other values 
may be inserted by using the previous steps beginning with c. 

j. Now select BACK, then EXIT_SIM, with a CONFIRM to 
return to the Executive menu (Figure A. 17) 

5. Timing analysis will now be performed on the block. 
The Timing Analysis U sers Guid e contains detailed information 
concerning timing data and commands: 

a. Select TIMING (Figure A. 17). 

b. The system, should be in the Timing Analyser 
function as shown in Figure A. 23. 



c. Select CLOCKS , and all object clock information 
is as shown in Figure A. 24. 

d. Select BACK ( Figure A. 24). 

e. Select PATH_DELAY (Figure A.23K The screen now 
shows a list of all user generated nodes or signals (Figure 
A. 25). By selecting source and destination signals from, the 
list, the system, calculates logic propagation delays between 
the selected nodes (Figure A. 26). This is where the detailed 
schematic may be useful. 

f. Select BACK (Figure A. 26) to get to Figure A. 23, 
then BACK to exit timing, followed by CONFIRM. 
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Rand om_Log 1 c ^g ens e 1 1 1 e / s e 1 1 1 e / 1 u t or b Ik _1 Functional Simulator 

Genesil Version v7. 0 

) loading model for type RL 

> Generating model for /mn t /g e n/ g e n s e t t 1 e / s e t t 1 e / t u t or b 1 k _1 type RL 

) Done with command MARK SIMULATOR BLOCK MODEL in Block ;tutorblk_l 

) Times real=3ls. cpu=l Is (u“to 9s. s*4 3s) (c*10s) 

) Done with currency check 
) Linking sim rrooel 

> p hasea= phase _a phaseo= phase _b 
BIND 

MUuTIFi_E_SICS 
a C 0 D 
0 

aC13 

1 

a [ 2 j 
C 

aZ33 

. t HOD 

1 

cci: 

c 

1 12 2 
1 

d C33 
1 

5 AC ► 

CVCLE 

P i 

■ • t ut c r C 1 > __1 is of type genpiock/rl with 10 ports 

> pc r T 0 Cl pnase_a to NC - l 

i port 1 Cl phase_b to NC = 0 

) port 2 0 dfflC^ 03 to NC * 5 - 1 0 1 11 

> pc't 2 1 aL 2 03 to NC*4 ] 0 1 C 

port A 1 b l 2 0 2 to NC-»^ = 12 01 



INSERT 


MESSAGED GRAPHICS 


OVE 


.RlA V 


RECORD UTILITY 


B AC S' 


G 'Efo 


hIER J.EVFL 


ENVIRONMENT 


NEwSw REE NS 


2 1 NI. 


C i ClE 


RUN_VECT OR S 


SCROLL 


PICM_5CREEN 


aESER *” 


£~EF 

PR OFaGATE 


uNBInD 

VEF IFy_VALUE 




FQRmaT _5C REE n 



Cor^an: 

IOn. 

Figure A. 22 
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Rando(T,_Logic ^geniettle/iettle/tutorb 1 k 


T i mi ng Ana 1 y i er 








n v / V/ 




Object Type BLOCK 
Technology Cl 


TIMING ANALYSIS REPORT 

Function Type 
Fab Line: VTC. 


Random Logic 
_CP 1 OB 


Setup Files 
indei -file name 
0 > 


c ommen t 






include 


Process Corner 

guaranteed 


TYPICAL 








Operating Ccnfl 1 tioni 
Junction temperature 


— 


Sup p 1 y 


voltage 


— 


Current Clock Definition 
Phase 1 




Phase 2 


— 



INSERT 


MESSAGES GRAPHICS 


FORM 


OVERLAY 


record UTILITY 


BaC>- 


ClEaP_£E7UPl 

PEAD__S£TUP£ 


clocks 
SET Uh _ mOlC 
NODE_SETUF 


output_delay 

PaTh_DELAy 

nodeIdelay 


D I SaBlE _CUkRENv. y 
VIOLATIONS 



ri'-iNG: 



Figure A. 23 
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Random_Logic ^gensett le/iettle/tutorb lk_l Timing Analyxer 

Genpsil Version v7 0 



CLOCK REPORT MODE 
rabline VTC_CP10B 


Corner: TYPICAL 



Junction Temperature 75 degree C Voltage 5 OOv 

Phase 1 pnase_a Phase 2 phase_b 

Included setup -files Default setup file 



Phase 1 High ns 


CLOCK TIMES (minimum) 

Phase 2 High 10 9 ns 



Cycle (from PhD 10 v ns Cycle (from Pn2) 2l 5 n* 



Minimum Cycle Time 21 5 


ns Symmetric Cycle Time 2; ns 




CLOCK WORST CASE PATHS 



flimmum Phase 2 high time is 10 P ns set by 



No c e 

( internal 
aOc cut 
aco: 


Cumulative Delay Transition 

109 rise 

90 fall 

00 fall 


Minimum cycle tim*= (from Phi 


is 10R ritsetoy 


Node 

< internal > 
aOc cut 
a to: 


Cumulative Delay Transition 

109 rise 

95 fall 

00 fall 


Minimum cycle time (from. P r. C 


is 215 nssetDy 


* ♦ Clcct delay 1 2ns 'll 

Node 


°-!C 7 ) cyclc_sha-~inc disaolec 

Cumulative Delay Transition 


INSERT MESSAGES GRAPHICS 


FORM OvEFlAy RECORD UTIlITy 


EaO PHASE2_HlGH 


C ycl£_Phi Dump _l aTC h_thrEShd_D 

CyClE_ph2 dump _l at c h 



jTImING CLOCKS. 


Figure A.2M 
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Random _Logic % geniettle/i»ttle/tutortlk_l 
Genes ll Version 



PATH DEw-AY MODE 



v7 O' 



Fat) 1 1 n e VTC_CPlOB Corner TYPICAL 

Junction Temperature 75 degree C Voltage 5 OOv 

Phase 1. phase _a Phase 2 phase _b 

Included setup files default setup file 



Source 



PATH DELAY (ns) 
Destination Phi Delag 

Min Ma i 



P h 2 Delag 
h i n Ma * 



Timing Ana 1 g z er 



NuDE_hiAME 
aO [ 0 J 
aOC 1 3 
aO i 2 3 
aO[ 3 3 
aOc out 
a CO j 
aC 1 : 
aC23 
• ill 
D C 0 2 
L C l ] 
d [ 2 3 
d C 3 j 
of MCOl 
of ♦ i C 1 3 
d f f 1 i 2 3 
of f 1 [33 
d f f 1 C 4 3 
p h a s e_a 
p h 3 s e_t> 



MESSAGES GRAPHICS FORM 



PATh_DELETE_TOGGlC 



OvEh l_ Ay RECORD UTILITY 



En-er I Stf mg 1 
T z r- : r - G ; F aTh__DElay:> 



Figure A. 25 
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Random _Log u **gensettle/settle/tutorb 1 k _1 
Genesil Version v7. 0 



Timing Ana 1 y i er 



PATH DEuAY MODE 



'ib 1 i n e VT C _CP 1 OB Corner TYPICAL 

Junction Temperature. 75 degree C Voltage 5 OOv 

Phase 1 phase _a Phase 2 phase^b 

Included setup -files default setup file 



PATH DELAY (ns) 



Source 


Destination 


Phi 


De 1 ay 


Ph2 


Delay 




a [ 2 3 






Min 


ha x 


Min 


ha x 




a[ 33 


a C 0 3 


aO C 0 3 


3. 8 


4 2 


3 8 


4 2 


PA 


t rc>3 


aC 1 3 


aOC 1 3 


3 8 


5 0 


3 8 


5 0 


PA 


b [ ; 3 


a [ 2 3 


a 0 [ 2 3 


3 8 


5. 1 


3 8 


5 1 


PA 


o C 2 3 


a [ 2 3 


a OC 3 3 


3 9 


5 1 


3 9 


5 1 


PA 


b C.7 3 



! NODE_NAME 
l a0C03 
aOCl3 
aOC23 
aOC 33 
aOc out 
a t 03 
aC13 



flMi co: 
a f f ; L 1 3 
o f * : C 2 3 
fl f f 1 C 33 

a f 1 1 i 4 3 



phis? _i 
p fi a t * __o 



In£s.P 7 MESSAGES GRAPHICS FORM Ov'tRuAv RECORD U i 1 l 1 T * 



DAC * Pa7h_DELETE_TDG0LE 



Er t e ~ £ s t * l no 3 
! TjMlf.G* ^ a7<-(_DE_a Y l 



Figure A. 26 
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6. Now to exit Genes il: 

a. Select EXIT_GENES IL (Figure A. 15). 

b. Select CONFIRM. 

c. Select appopriate log command. The block is 
stored in the user's account regardless of which log command 
is selected. It is best to not save the log in the interest 
of memory, unless a future printout is desired. 

C. TUTOR3LK_2 BLOCK 

This section is a user exercise to build a block named 
tutorblk_2 by following the steps illustrated in section B. 
This block is necessary for the completion of the chip in 
section E. 

The block will contain six random logic objects, 
consisting of 5 inverters ( i 0 — i 4 ) and a 5 bit D F/F (DFF5) . 
The pre-planned schematic of the block, including all 
neces sary s_icr._a_l n ames is shown in Figure A. 27. 
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tutorblk . 2 




Figure A. 27 Tutorblk_2 



To ensure that the block functions properly and will 
connect properly to the chip, make the specification menus 
match Figure A. 28 through A. 32. Then compile, simulate, and 
perform timing analysis as in section B. 
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R anc om_L og i c ^g • n s e t t 1 • / * e t t 1 e / t o t or b 1 k _2 Random Logic Bloc* Editor 

Genetil Vfrtion v7. 0 

RANDOM LOGIC Functional Specification 



DEL 


EDIT 


MOVE 


0 


> I NVERTO 


( INVERT) 


DEL 


EDIT 


MOVE 


1 


> I NVERT 1 _ 


( INVERT) 


DEL 


EDIT 


MOVE 


2 


> I NVERT2 


( INVERT) 


DEL 


EDIT 


MOVE 


3 


>INVERT3_ 


( INVERT) 


DEL 


EDIT 


MOVE 


4 


> I NVERT4 


( INVERT) 


DEL 


EDIT 


MOVE 


5 


>DFF 5 


(DFF) 



INSERT MESSAG 


ES GR A D H I CS 


FORM 


OVERLAY 


RECORD UTILITY 


ACCE c 7_rORM 


CHECK_FORM 


NEW 


MOVE_GROUP 


VIEW 


P I GEONhGlE 


SAVE 


SIGNALS 


DELETE^CROUP 


TEX7_SPtC 


CANCEL 


TECh CHECK 


UNUSED 


EDIT GROUP 





vDE r 1^17 1 0N> 



Figure A. 26 
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Rand om__Log l c "'gensett le/settl e/tutor b 1 k_2 Random Logic Block Editor 

Cenetil Vernon v7. 0 

Random Logic Block Specification 



Block 


type 


INVERT 




Block 


index 


0 




Name 
Dr i ve 


St reng 


; INVERTO_ 
th >1 




Reg ime 

Connector Width ! Timing 




IN 




1 1 Pr op ( t ) 


>df f ICO} 


OUT 




1 1 Pr op ( t ) 


>i0 



INSE D T 


MESSAGES GRAPHICS FORM 


OVERLAY 


RECORD 


utility 


Back 


NEXT 


E X PAnD 







✓DE r l f . I T ! ON’ 



Figure A. 29 



Random_Logic e n t e t t 1 • / t e t t 1 e / t u t or b 1 k _2 Random Logic Block Editor 

Cenesil Vernon v7 0 — — 

Random Logic Block Specification 



BlocV type DFF 

Bloc*- indei 5 

Name >DFF5. 

Width. >_5 



Regime 



Connet tor 
PH) 


Width 

1 


1 

1 


Timing 

Phaie X 


>pha»e a 


PHY 


1 


1 


Phase Y 


>phaia t> 


IN 


5 


1 


Vy ( t- 1 > 


>14, 13, 12, 


OUT 


5 


1 


By ( t ) 


>df f 5C4 o: 


LOAD 


1 


1 


Vy ( t-1 ) 


>TRUE 



INSERT HE5SAGEB GRAPHICS FORM 


OVERLAY 


RECORD 


utility 


LAO PREV CONVERT 


EXPAND 







>DEF I Ni I T 1 0N> 



Figus£, A. 3Q 



Random _Log ic ''•g e n s e t 1 1 e / t e 1 1 1 a / t u t or b 1 k _2 Random Logic Block Editor 

Genesil Version v7. 0 

Random Logic Block Specification 

Block type DFF 

Block inde* 5 

Name SDFF5 

Width G _5 



Regime 



Connec tor 


Width 


: 


T iming 








PHX 


1 


l 


Phase X 


C 


01 


Sohate a 


PHY 


1 


i 


Phase Y 


C 


01 


>p h a s e t 


IN 


5 


i 


Vy < t-1 ) 


C 


41 


>i4 










c 


31 


>i3 










c 


21 


>i2 










c 


1 1 


> i 1 










c 


01 


;* io 


OUT 


5 


i 


by < t > 


[ 


41 


Sdf f 5C41 










c 


31 


>df f 5C31 










c 


21 


>df f 5C2D 










[ 


1 1 


>df f5Cl 1 










c 


01 


1 df f 5C01 


LOAD 


1 


i 


Vy ( t-1 ) 


c 


01 


>TRUE 



INSERT 


MESSAGES GnAPnlCS FuRm 


OVERl-Ay 


RECORD 


utility 


BAC^ 


PREV CONVERT 


COMPRESS 







: definitions 



Figure A. 31 



Random_Logic ^gensettle/settle/tutorbli_2 Random Logic Blocli Editor 

Cenesil Version v7. 0 — — — 

SICNAlS 



N e uj 


signal 


type I NPUT 


OUTPUT 


10 


LOCAL 


Inputs 
DEL IOBL 


> d * i 1 C 4 3 








DEL 


IOBL 


>df f 1 C33 








DEL 


IOBL 


>df f 1 C23 








DEL 


IOBL 


>df f 1 C 1 3 








DEL 


IOBL 


:> d f f i c o 3 








DEL 


IOBL 


/phase a 








DEL 


IOBL 


> p h a s e b 








Ou tputs 
DEL IOBl 


>d<*5[4] 








DEL 


ICBL 


0 C f f 5 [ 3 3 








DEL 


IOBL 


:-d**5CC3 








DEl 


IOBL 


> d * f 5 [ 13 








DEL 


IOBL 


>C*f 5C03 








Locals 
DEL ICBL 


;• ic 








DE._ 


IOBL 


0*1 1 








DEL 


IOBL 


> i z 








DEL 


IOBL 


D l 2 








DEL 


IOBL 


>:4 









INSERT riESSAGES GRAPHICS FQRf-; OuERlAy RECORD UTILITY 



SAC*' 



UNUSED COrlF RES>S 



Ente** n?i* tigna 4. ran,* s> [st r ing3 
. DEFINITION' SI Cna_S; 

Figure A. 32 
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D. MULT_MOD MODULE 

This section illustrates the design of a 4 bit multiplier 
module. The detailed schematic is shown in Figure A. 33. 



MULT MOD 



a 1 3 : 0] 
b [3 : 03- 



LIBRARY MULT 



MS_CARRIES [2:0] MS_SUM 



2 : 0 ] 



LS_OUT [3:0] 



1 

i 


ADDER 3 BIT 1 

1 




s 


7 S 6 S 5 S 4 

1 1 1 1 

1 1 1 ! 




J 


DFF_8 BIT 




- ^ 7 


P^6 P ’ 5 p^3 p^2 P^l 


1 1 
P ’ 0 



Figure A. 33 Mult_Mod Module 

Library_mult is a Genesil system library parallel multiplier 
block. The external adder is necessary to complete the 
multiplication. Detailed information concerning the 
multiplier block is contained in the Genesil Silicon Compiler 
Library Volume I, Blocks . 

1. The user should proceed as in the previous sections 
up through ATTACH NEW (Figure A. 5): 

a. Now select GENERAL_MODULE (Figure A. 5). 
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b. Go BACK, name the module Mult_Mod, by typing it 
in next to the prompt, and attach it to the tree as in the 
previous sections. 

c. Select DEFINITION from, the Executive menu. 

d. Select HEADER (Figure A. 34), then VTC_CP10B for 
Fab line, and ACCEPT_FORM. 

e. Now select SPECIFICATION to pull up the Module 
specification menu. No objects are on the menu yet. 

f. Select ATTACH_NEW , then RANDOM_LOGIC . The user 
will now be prompted for a name. Name the first random, logic 
object adder_2bit. 

c. Repeat for dff_8bit. 

h. Now select ATTACH_NEW , then select BLOCK, and 
name it 1 ibr ary_m.ul t when prompted. When complete, the screen 
should loch lihe Ficure A. 35. 

i. Each sub_cbject (adder_3bit, dff_Sbit, and 
libr arv_mul f ' must now be defined. 

; . Starting with adder_3bit, select DEFINE (Ficure 
A. 35). Then select HEADER and specify R ANDOM_LOG I C for object 
type on the Header form. Fab line can be specified, but will 
be automatically taken care of at the module level. Select 
ACCEPT_FOP.M. 

k. Next select SPECIFICATION which pulls up a RANDOM 
LOGIC Functional Specification Menu. Select NEW, then A.DDER 
from, the menu provided. 
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ho d u 1 e 



Definition 



^gensettle/settle/tutonal^mod 

— — — Genes ll Version v7. 0 — 



Module Type GENERAL 



Technology CMOS-1 
Fab line 

AMl_CT20A 
CEN_CP12A 
NCR_CN20A 
OR B_CN20A 
US2_CN20A 
VTC_CP12A 



GEN_CN20A 
CES_CP12A 
NSC_CN12A 
R 1 C_C N20A 
VTCICN 16 A 
VT1_CN20A 



GEN_CN30A 
IMP_CP20A 
NSC~CN20A 
SSC~CN20A 
VT C_CP 1 05 



Created By gensettle Date Mon Aug 22 15 40 2B lvdS 
Last Modified Date Mon Aug 22 17 35 45 19S8 
Status 

Placed Ves Routed No 



Compile parameters 

COMPILER TYPE STANDARD NONE ESTIMATE 

Power Adjuster >1 00_ (multiplier) 

Flatten ( OFF , ON ) Estimate ( OFF, POWER, CLOCK. BUS. AlL ) 



Notes 

>Th is_is_a_general _mod u 1 e_u>h l c h_ui ill_be_constructed_top_down _The _mod 

>wi 1 l_contain_a_l ibrary_4_b i t _mul tipi ier, _3_fc it_r ipplf_adder, _and 

>D_f/f's I I I I 



INSERT MESSAGES GRAPHICS FORM OVERLAY RECORD UTIlITY 



ACCEP7_F0RM 

cancel” 



. definition>header> 



Figure A. 34 
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Mod ule 



Definition 



' 1 a 1 _mo d 

-Cenetil Version v7 



0 



Sub-Objects Name Type 

>a d d er 3fc i t Random_Logic DEFINE DETACH 

>dff_Bfcit Random Loqic DEFINE DETACH 

>1 ib7 a ry_mul t MULTIPLIER DEFINE DETACH 



ATTACH_NEU 



ATTACH_EXISTINC 



INSERT MESSAGES GRAPHICS 


FORM 


OVERi_ay RECORD 


utility 


AC CERT _F OR M HEADER 


ATTACH 


NET NETLIET 
UL JEC T _NETl I ST 





: definition;. 



Figure A. 35 
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l. Go BACK to the Specification menu and it should 
look like Figure A. 36. 

m. Now select EDIT, and fill out the Random Logic 
Block Specification menu as shown in Figure A. 37. Select 
EXPAND and the menu should look like Figure A. 38. 

n. Starting at step j, follow the same procedures 
with dff_8bit. The RANDOM LOGIC Functional Specification form 
(Figure A. 39) and Random Logic Block Specification form 
(Figure A. 40) should be filled out as shown. 

o. Proceed the same way for library_mult , but 
remember to select m ult ip lie r on the Header form. 

p. Fill out the MULTIPLIER SPECIFICATION menu as 
shown in Fioure A. 41. 

c. Select ACCEPT_FORM (Figure A. 41), then BACK to 
the Module Specification Form (Figure A. 35). 

2. The module must now be netlisted: 

a. Select OB JECT_NETLI ST (Figure A. 35). 

b. Type in adder_3bit (Figure A. 42) next to Object 
Name. Another way to do this is to mouse Object Name, depress 
Return, and a list of sub-Objects is pulled up on the right 
side of the screen for selection. 

c. Proceed through the Net Name list, and select E, 
next to attributes, for external for all signals . This is 
necessary to make the module function correctly! 

d. Select Object Name, and type in dff_8bit (Figure 
A. 43) . Do the same as in c above. 
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Ranoom_Logic <n » e 1 1 1 c / * • 1 1 1 • / t u t or i a 1 _mod / a d d er __3b l t Random Logic Block Editor 

Centsil Virtion v7 0 

RANDOM LOGIC Functional Specification 



DEL EDIT MOVE 



0 >ADDERO (ADDER) 



INSERT MESSAGES GRAPHICS 


FORM 


UVERuA v 


RECORD UTIlIT't 


A;CE D T_rQRM ChECk_FQRM 

PIGEONHOLE SAVE 

C ANl El. TECH_CHECK 


NFW 

SIGNALS 

UNUSED 


DELETE_CROUP 
ED I T_CRQUP 


VIEW 

TE*T_SPEC 



: DE r I N I T I ON>DEP I NE> 



Figure A. 36 
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Rand om_Log l c : <nse 1 1 1 • / s e 1 1 1 e / 1 u t or i a 1 _mod /a d d er_3b i t Random Logic Block Editor 

Genesil Version v7 0 

Random Logic Block Specification 



Block type ADDER 
Block index 0 
Name >ADDERO ( 

Width >_3 



Regime 



Connec t or 
A 


Width 

3 


1 


Timing 
Pr op ( t ) 


>MS SUMC203 


B 


3 


1 


Prop ( t ) 


>MS CARR I ESC2: 03 


OUT 


3 


1 


Pr op < t ) 


>s6» s5* (4 


CIN 


1 


1 


Pr op ( t ) 


>F ALSE 


COUT 


1 


1 


Pr op ( t ) 


>»7 


FEED 


3 


1 


Ft ed t h r u 


>FALSE*3 



INSERT MESSAGES GRAPHICS FORM OVERLAY RECORD UTILITY 



EACK EXPAND 



. deficit ion:- define:* 



Figure A. 37 
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Random_Logic <n s e 1 1 1 e / % e 1 1 1 « / t u t or i a 1 _mo d / a d d er _3b l t Random Logic Block Editor 

Genesxl Version v7 0 

Random Logic Block Specification 



Block t^Pf 
Block i nfl e * 
Name 
Width 


ADDER 

0 

>ADDER0 

: _3 


Ccnnec cor 

A 


Reg 
Width l 

3 1 


l me 

T l m l n g 
Prop ( t ) 


E 


3 1 


Prop it > 


OUT 


3 1 


Prop ( t ) 


C IN 

COl* 

REED 


\ 1 

1 1 

3 1 


Prop* t ) 
P r 0 P < t ) 



c 


23 


>MS SUMC23 


c 


1 3 


>MS SUM [ 1 3 


c 


03 


>MS SUMC03 


c 


23 


>MS_CARRIESC23 


c 


1 3 


>MS_CARRIESC 1 3 


t 


03 


>MS_CARR IESCOD 


c 


23 


> aft* 


c 


1 3 


>s5 


c 


03 


>*4 


c 


03 


>false 


c 


03 




z 


23 


>FALS£ 


z 


1 3 


> FALSE 


i 


03 


%FAlSE 



lNEc-R"" GRAPHICS F0PM 



OVlRlA v 



D AC v 



COMPRESS 



RECORD 



UTIlIT> 



: de c : r. : - ion. de* inc; 



Figure A. 38 
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Rand om_Log 1 c . 



<g an * *> 1 1 1 a / s * 1 1 1 a/ 1 u t or i« 1 _mod / d f f _Bb i t Random Logic Block Editor 

Cent s l 1 Virsion v7 0 

RANDOM LOGIC Functional Specification 

DEL EDIT MOVE 0 >DFFO ( DFF ) 



INSERT MESSAGE 


:s GRAPHICS 


FORM 


overlay 


RECORD UTIlITy 


acceft_form 
F I GEONmOLE 
cancel 


CHECK FORM 
SAVE 

TECH CHECK 


NEW 

SIGNALS 

UNUSED 


DELE TE_GROUP 
EDI T_GROUP 


VIEW 

TEXT_SPEC 



: DEFINITION/ define: 



Figure A. 3a 



Random_Logic Cg e n s e t 1 1 * / * e 1 1 1 a / t u t or i a 1 _mc d / d f 4 _8d i t Rinoom Logic Sloe* Editor 

-Ctnesil Version v7 0 

Random Logic Block Specification 

Block type DFF 

Block inae* 0 

Name >DFFC 



Width 


>_6 










Conner ten 
PhX 


Width 

1 


Regime 

! Timing 
1 Phase X 


'phase a 






PH> 


1 


1 Phase Y 


>D h a s e t 






IN 


£ 


1 Vy ( t-1 ) 


>s7 , s6, s5- » 4 . LS_ 


OUT C 3 03 




OUT 


E 


1 Sy ( t ) 


>P7. P6. P 5» P 4 , Po7 


PE. PI , PO 




LOAD 


1 


1 Vy ( t-1 ) 


> TRUE 







INSERT riESSAGEE GRAPHICS FOR N OVERlAy RECORD UTILITY 



BACK CONVERT EXPAND 



>DEFlM T ION ‘DtF ine: 



Figure A.^O 
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MULTIPLIER <g ens e 1 1 1 e / s • 1 1 1 e / t u t or 1 a 1 _mod / 1 i brar g _mu 1 1 MULTIPLIER Block Editor 

Genesil Version v7 0 

MULTIPLIER SPEC IFICATION 



MC Width 
MP Width 
Input Latch 
Output Latch 



>4 

>4 



NO VES 
NO YES 



Width Timing 



Mu i 1 1 p 1 i er 



MP_ IN 


<4> 


i 


pr 


>aC3 03 


Multip 1 Kano 


MC ___ I N 


<4> 


l 


pr 


> b C 3 01 


LSF 


LS_OUT 


4 . * 


o 


pr 


>LS OUT [ 3 03 


STICKY 


<2*> 


o 


pr 


>STICKY 


2ERO 


Scalar 


0 


P r 


> Z ER0 


MEL 


MS _5UM - 


C3. 


c 


pr 


I'MS SUM L 2 ' 03 


ME_CaRF I EE 


< 3 :- 


c 


v r 


>MS CARRIESlD 03 



INSERT MESSAGES GRAPHICS FORM OVERLAY RECORD UTILITY 



ACCENT _PORM CHECk_FORM TEX T_SF EC VIEW 

F I GEONmOlE SAVE 

CANCEL 



Entfr C omma n 0 

: def in: t i on.*. define;* 

Figure A. Ml 
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Module 



Definition 



'gensett le/se ttli/tutoriil_itiod 

Cenesil Version v7 O' 

Object Name >adder_3bit FIRST PREV NEXT LAST 

l s p 1 a y NONE CHECK_RESULTS LENGTH SIC_TYPE PRIORITY 
sort b y NET _NAME C ONNEC TOR _N AME ATTRIBUTE I NTERNAL_E X TERNAL 



DEFAULT/USER/BOTH Name 
MS_C ARR I ESC 2 OD 


Net Name 

>MS CARR I ESC 2: 03 


I-E 
I E 


Attr i bute 
NA 


EDIT 


MS_SUM C 2 0] 


>MS SUMC2 03 


I E 


NA 


EDIT 


s4 


>S4 


I E 


NA 


EDIT 


s5 


> s 5 


I E 


NA 


EDIT 


S to 


> S to 


I E 


NA 


EDIT 


S7 


:*s7 


I E 


NA 


EDIT 



INSERT MESSAGES GRAPHICS FORM OVERLAY RECORD UTILITY 



ACCEPT_FORn ChEC* SPEC NET nETlIST SPEC IF I CAT I On WRITE. SPEC 

PIGEONHOLE V1EW_DRC_NETl 1ST ~ REaO_S» v *C 

cancel save 



Enter [string] 

:*DEF IN IT iON>OB JECT_NETl IST> 

Figure A. M2 
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Module 



Definition 



^gensettle/settle/tutonal _mod 

~Gen ft 1 1 Version v7. O- 

Object Name >dff Bbit FIRST PREV NEXT LAST 

“i i s p 1 a NONE C HE C K_RE SUL TS LENGTH SlG_TYPE PRIORITY 

Sort by NET_NAHE CONNECTOR_NAME ATTRIBUTE I NTERNAl_EX TERNAl 



DEFAULT/USER/BOTH Name 


Net Name 


I 


-E 


Attribute 




LS OUT [ 3 03 


>LS 0UTL3 . 03 


I 


E 


NA 


EDIT 


P 0 


>P0 


I 


E 


NO_READ 


EDIT 


PI 


>PI 


I 


E 


nd”read 


EDIT 


P 2 


>P2 


I 


E 


no_read 


EDIT 


P 3 


>P3 


I 


E 


NO_READ 


EDIT 


P 4 


>P4 


I 


E 


NO~RE AD 


EDIT 


P 5 


>P5 


I 


E 


NO_READ 


EDIT 


Pg 


>P6 


I 


E 


NO_READ 


EDIT 


P? 


>P7 


I 


E 


NO_RE AD 


EDIT 


p h a s e_* 


> p h a • b a 


I 


E 


NO~DR IVOR 


EDIT 


p h a s e _ b 


>p h a » e b 


I 


E 


NO_DR I VER 


EDIT 


s 4 


>*4 


J 


E 


NA 


EDIT 


r ^ 


>s5 


I 


E 


NA 


EDIT 


so 


>s6 


I 


E 


NA 


EDIT 


s 7 


>5 7 


I 


E 


NA 


EDIT 



INSERT MESSAGES GRAPHICS FORM uVERuAn RECORD UTILITY 



ACCE-l.FOPM CHEC*_SPEC NET_NETLIST SPECIFICATION WR1TF_SPEC 

P I GEuNHOi_c VIEW_DRC_NETLI ST “ REaD_S c EC 

cancel save 



F *■ t e *■ [f tt jnp] 

. DEF I N I T I on;> oe jec t _ne tl I ST> 

Figure A. 4 3 
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e. Select Object Narr.e, and type in library_mult 
(Figure A. 44'. Do the same as in c above. 

f. Now select SPECIFICATION (Figure A. 44) to check 
the netlist. The system will state if valid or advise of 
errors which are listed by using VIEW_DRC_NETLIST . 

3. The module must now be f loorplanned . Simulation and 
timing analysis cannot be performed on a module prior to 
netlistina and floorplanning. 

a. After netlist validation, the screen should show 
a module Definition menu. If not, go BACK or ACCEPT_FOP.M to 
return to the Definition menu. Select FLOOR_PLAN. 

b. Figure A. 45 should now be on the screen. Select 
PLACEMENT (Figure A. 45'. 

c. Next select each unplaced block (Figure A. 46) 
until all are placed. Blocks may be moved by hooking the 
object with the MOUSE. The rest of the commands are explained 
in detail in Chapter 6 of the Sy stem Description Appl ications 
Comm a r.d s manual . 

d. Next go BACK (Figure A. 46) to Figure A. 45. 

e. Select PINOUT (Figure A. 45). 

f. Now select AUTO_PINOUT (Figure A. 47). 

g. Go BACK (Figure A. 47) to Figure A. 45. 

h. Select FUSION (Figure A. 45). 

i. Select AUTO_FUSE (Figure A. 48). 

j. New go BACK (Figure A. 48) to A. 45. 



136 



Module 



Definition 



^gensettle/settlf/tutcrial _m o d 

Cent i i I Version v7 0 

Object Name >1 l brary _mul t FIRST PREV NEXT LAST 

display NONE CHECK~RESULTS LENGTH SIC_TYPE PRIORITY 

Jort by NET_NAME CONNECTOR_NAME ATTRIBUTE I NTERNAL_EXTERNAL 



DEFAULT/USER/BOTH Name 
LS_OUT C3 . 0 3 


Net Name 
>LS 0UTC3 03 


1- 

I 


-E 

E 


Attribute 

NA 


EDIT 


MC_INC3 03 


>bC3 03 


I 


E 


NO_DR I VER 


EDIT 


MP_I NC 3 03 


>aC3. 03 


I 


E 


NO_DR I VER 


EDIT 


MS_CARRIESC2 03 


>MS C ARR I ESC 2 . 03 


I 


E 


NA 


EDIT 


MS~SUM [ 2 03 


>MS SUMC2. 03 


I 


E 


NA 


EDIT 


STICKYt 1 . 03 


>STICKYC 1 : 03 


I 


E 


NO_READ 


EDIT 


ZERO 


>ZERO 


I 


E 


NO READ 


EDIT 



INSERT MESSAGES GRAPHICS FORM OVERLAY RECORD UTIlITy 



ACCEPT.FORn CHECk^SREC NET_NETLIST SPEC 1 F I C AT J ON WRITE_SPEC 

PIGEONHOLE VIEW_DRC_NETlI5T read_spec 

cancel Save 



Enter [string] 

DDEFINITIONOOB J£C7_NETlISTD 

Figure A. 44 
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Module 



CANCEL 

CONFIRM 



_mod 

-Oeneul Version v7 0 



JACK 

S_NULL, *_L1 1. DEFINE ••DEFINE" 
SPECIFICATION 
) Specification is read 
BLOCK *_L 1 0 EDIT 

Expand 

BACK 

cancel 

CONC I Rm 
BAC*- 



iJJ’JLL * _l 1 2, DEFINE "DEFINE 
SPEC IF ICaTiOn 
C ANC E L 



COnFIPM 



BACK 

OBJECT_NETLIST 
> net] ist version 1 0 



NEX T_NAl£ NExT 
> d f f _ 8 o i t 
NE X T_NAME NE* t 

) library _mu 1 c 

CANCEL 



C ONP I R r* 
DEFINITION 



plOOPPlAn 



Check ir . 5 tile currency 
; Internal Object Hierarchy Ini t lal ueo 
) Completing Data Gathering Phase 
) All input files are up to cate 
) *#xci=2 f t otalpl b 1 k®3 
) **c h n 1 i d x =2 
) Read spec is done 
) * * i o g d = 0 



FioorpUn 



INSERT 


messages GRAPHICS 


overlay 


RECORD 


UTILITY 


DON*? 


Placement 








CANIEs- 


P INO'JT 










fusion 









C omma n c 

>DE r i n I t iqn>flOO»plan:- 

Figure A. 4 5 
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Module ''•gensettle/settle/tutorial _mod 

Qenesil Version v7 0 

Degree o* Freedom : MOVE ( ON/OFF ) ROTATE* ON/OFF ) 



Floorp 1 an 



DISPLAY 



VECTOR ( ON/OFF ) 



: MODE : Ed g e_Den s 1 1 y ( ON/OF 



I Unp laced_block 
-lad d er _3b i t 
d f f _8b i t 
1 l brary_mu 1 t 



I 



I NS EF t mES5a 


GES GRAPHICS 


OVERLAY 


RECORD 


Back 


BEST PLACE 


CENTER 


FIT 


FLE r ' f^a«:c 


LIST BEST 


PAN 


IDENTIFY 


TE>7 inE' 


CHECK _SPEC 


9CALE 






AUTO_PlaCEmENT 


ZOOM 





Enter p ] o c * tc PLACECstr!) 

olef :r.; T ion: f u oorplan> 



Figure A. 4 6 
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Module 



Tloorplan 



'gensectle/settle /tutorial _mod 

Genesil Version v7 0 — — 

Mca e ADD_CONMECTOR MOVE_CONNECTOR REMGVE_CONNEC TOR 

Eoge NORTH SOUTH EAST WEST 



NORTH_CONNECTOP EAST_CONNECTOR south_connector uest_connector 



STICKVCOD LS_OUT [03 *121 

STICKYCn LSJDUTC13 *131 

ZERO LS_0UTC2] bC2D 

LS_OUT COD d C 3 ] 



MS CARRIESCOD > 

MS_CARRIESC 1 ] 

MS_C ARR I E9 [ 2 3 

MS_SUM[03 

MS_SUM[ 1 3 

MS~9UMC23 

PO 

PI 

P2 

P 3 

P 4 

PD 

P 6 

P 7 

a C 0 ] 

aC 1 3 

b [03 

b C 1 3 

p n a s e _a 

p na s e_b 

s4 
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I NSt_R 7 MESSAGES GRAPHICS 


form OVERLAY 


RECORD 


UTIlITv 


0 a T * EE T _MODE 


AUT0_P I NOUT 


check. 


_SPEC 


RESE* PINOUT SET EDoE 








TEa '_5-EC 









Ent* r ct-nnecto** r.jirjf * tr] 

;-D£P INI t ION. c lOQ^la\; 

fi'gupe A, “7 



140 



Module ^gensett le/tettlp/tuton«l_mod 
— Ge n e s 1 1 Version v7 0- 



Floorplan 



I NSEF MESSAGES 


G F A P *-•, 3 C S FORM 


OVERLAY 


RECORD 


utility 


D AC ^ 


an to FuSf- 


CENTER 


F ] 7 




RESE" FUSION 


FUSE ‘ 


PAN 


CHEC r 


_SPEC 


TE> T SPEC 


Du_nuT_F u£l 


SC Ai_E 








NE ) 7 _FUEE 


ZOOM 







trie- * .'sicr *c< ruBEZpnt] 

.*def in: r ion: f^oosplan:' 

Figure A.4B 
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k. Select DONE (Figure A. 45), followed by CONFIRM. 
If all goes well, the floorplan will be complete. 

4. Now simulation and timing analysis can be performed 
as described in the previous sections. 

E. TUTOR_CHIP CHIP 

This section is a tutorial for a top-down chip design of 
a chip named tutor_chip. The chip consists of tutorblk_l and 
tutorblk-2, a clock, input/out pads, a VSS pad, and VDD pad. 

A schematic with signal names is shown in Figure A. 49. 




Figure A. 49 Tutor_Chip Chip 
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1. Definition and Specification: 

a. Proceed as in the previous sections down through 
ATTACH NEW. Now select CHIP from the Executive menu (Figure 
A. 50) . 

b. Name the chip tutor_chip when prompted, and 
attach it to the tree. 

c. Select DEFINITION and HEADER. On the Chip Header 
form (Figure A. 51) select Fab line VTC_CP10A and leave the 
Package Type as NO_PACKAGE. 

d. Select ACCEPT_FORM (Figure A. 51). 

e. Now select SPECIFICATION from the Definition menu 
and the screen should show a blank Chip Specification form 
(Figure A . 52 ) . 

f. Next select ATTACH_NEW (Figure A. 52) and BLOCK 
(Figure A. 53). Name the object data_in when prompted. 

a Just like the r.odule, each sub-object on ^he chip 
must be defined by using the appropriate Header an^ 
Specification forms. 

h. Select DEFINE next to data_in on the Chip 
Specification menu. 

i. Select HEADER from the next screen. Select PAD 
from the Header form for Function type (Figure A. 54) and 
CONFIRM. Select ACCEPT_FORM. 

j . Next select SPECIFICATION and the screen should 
show a PAD Functional Specification menu (Figure A. 55). 
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User 



gensettle/settle 



Genesil Version v7 



0 



Eiecutive 



) START Genesil job en s e t t 1 e / s e t t 1 t / t u t or c h i p on microl 

) Mon Aug 22 22 02 41 1988 

) 

) Genesil (tm> System Version v7 0 

) 

) Copyright Silicon Compiler Systems Corporation 1 98B 

) 

) Licensed Material -- Program Property of BCS -- All Rights Reserved 

) 

) This software is protected as an unpublished work and the copyright notice 
) does not imply publication This software contains confidential trade 
) secrets of Silicon Compiler Systems Corporation The reproduction. 

) transfer or use of this software or the supporting documentation is 
) governed by a license agreement with SC5. and the software shall be used 
) solely in accordance with such agreement 
) 

) ' RESTRICTED RIGHTS LEGEND 

) 

> Use. duplication or disclosure by the Government 

) is subject tc restrictions as set forth in 

1 subparagraph (c)(lMii> of the Rights in 

Technical Data and Computer Software clause 

> at 252 227-7013 
) 

> 

CONTINUE 

SELECT_OBJECT 

ATTACm 

nEh 



INSERT MESSAGES GRAPHICS OVERLAY RECORD UTILITY 



CANCEL BLOCK GCNERal_MODUlE CHIP CH 1 F _5ET 

P aPalLEL_DP 

RAND0M_L0G 1C 



ATTaCh N#w Ob j#c t Type 

SELECT OBJECT>aT7ACh>nEsO 

Figure A. 50 
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Chip tn« e t t 1 e /% e t t 1 e / t u t ot 


_chip 


. r*. 


Definition 


Object Type CHIP 




v/. u ^ — 




Technology 
Fab line 


AM I _CT2GA 


CEN_CN20A 


GEN_CN30a 




GEN~CP 12A 


GES.CP12A 


I MP_CP20A 




NCR_CN20A 


NSC_CN 1 2a 


NSC_CN20A 




0RB~CN20A 


RIC_CN20A 


SSC_CN20A 




USE CN20A 
VTC CP 1 2 A 


VT C _CN 1 6A 
UT I ~CN20A 


VTC_CP10B 




Package Type 


CLLCC 100f 


CLlCC 1 24 g 


CLLCC 132e 




CLLCC 1 32g 


C lLCC 6&d 


CLLCCt>&d B 




CLLCCeiSd C 


CLLCCS4 d 


CLLC C 84 d B 




CLLCC84dC 


CPCAlOOt 


CP l A 1 Oh* 




CP L A 1 20 9 


CPGAl32c 


CPGA 3 4 4 f 




CPGAl 49f 


cPGAieot 


CPGA'.aug 




CPGA224M 


C d Ga 224 f 2 


CPGAeiSc 




CPGaSAc 


C P G A04 o 


CPGA04 e 




CSBDEc 


CSB40c 


C S B 4 0 d 




CSBAOc 


C SB o>4 d 


I VT_HkC 




PD I P 40c 


PDIP4Sc 


FDlPe>4e 




PLDCC44c 


PlDCC «>6 e 


PuDCC B4p 




PPG-lOOe 
ND_*- AC*aGE 


P p GA 1 20e 


PPGA i 4P f 





Created By gensettle Late non Aup 22 22 04 33 1 c 8£ 

ast Modified Date non Aug 2D 22 04 33 l^QB 

Status 

Placed Nc* Routed No 



Compile parameters 

COnPlLEF TYPE STANDARD Estimate t OFF . POWER. CLOCK. BUS AlL > 



Notes 



INSERT MtS^AGEb GRAPHICS F0Rn uVtRLA v RECORD UTIlI i Y 



ACCEPTOR orm 

Cancel 



ODER In IT IOnDhEaLERC 



Figure A . 51 
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Chip 



Definition 



'gensptt le/settli/tutor_chip 
Genet i 1 



Sub-Objects Name Type 



Version v7 O- 



ATTACH NEW 



ATTACH_EX 1ST INC 



I NSEP " r MESSAGES GRAPHICS PORm OVERi_av RECORD UT I l I T' 



a C C C D T r OR^ HEADER ATTACH NET_NETL I ST 

0BJECT_NETLIST 



: DE r INI T ION 



Figure A. 52 
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Chip ''’gensettle/settle/tutor _c hip 

Sub-Otjects Name Type 


Vers i on 


v7. 0 


Definition 


attach_new 


ATTACH. 


.EXISTING 





INSERT MESSAGES GRAPHICS FORM OVERlAY RECORD UTIlITv 



cancel block genera l _mgbule 

PaRAlLEL_PaTH 

random_logic 



New Object 7 y p <» 

: def ini t ion. attach:*attach_new: 

Figure A. 53 
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r_c h i p / d a ta_i n 
Cenesil Version v7. 0 — 



General _Bloc fc 



Object Type BLOCK 
Function type 

External 
La o e 1 
LRDM 

Paral lel_Datapath 
Rand oir_Log i c 



FC X _BLOCK 


FIFO 


LPLA 


LR AM 


MULTIPLIER 


PAD 


PLA 


ram 


ROM 





Def ini ti on 



Technology CMOS-1 
Fab line VTC_CPlOB 


Created Bo gensettle 


Date 


Mon 


Aug 


22 22 


06 


2 6 


: 6b 


Last Mod U let: 


Date 


Mon 


Au g 


22 22 


06 


35 


1 - be 


Status 
















Con. pile parameters 
















COMPILER TtPE 


standard 






NONE 




ESTIMATE 


Power Ao jester ;i 00_ 


(multiplier) 















INSERT MESBaGEE CRA^nlCS FOP” OVERLAY RECORE UTILITY 



Al CEF "_rOPr, 
C ANC E,_ 



: DE ; ' I N I T I ON^DEF I N£L HEADER . 



Figure A. 54 
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PAD 



Pad Block Editor 



'■gensett 1 t/t ettl*/tutor_ch ip/dat#_in 

— — — Gene s 1 I Version v7 0 — 

PAD Functional Specification. 



Pafl Type 


DATA 


vss 


VDD 


CLOCK 




TEST 


STROBE 


CLKPROCIN 


ANALOG 


Data Flow 


IN 


OUT 


10 




Protection 


FAB DEFAULT 


N_PR0TECTI0N NP_ 


PROTECTION 


Input Processing 


SIMPLE 


PARITY 


SHIFT 


SYNCHRONIZER 


Input Driver 


ND_CLOCK 


DIRECT 


TRISTATE 


precharged 


Inverting Driver 


VES 




NO 






Change pitch 


VES 




NO 






Widtr, 


>_e 
















Bond i ng Pad • 




Data 


>DATA 






(DATA) 










Connectors 




Phase B 


>p ha se_b 






(PHASE_B ) 




Da t a In 


>aC3 03. 


b C 3 


03 


(DIN) 





INSERT ME 


SSAGES GRAPHICS FO»M 


UVt R la y 


RtCuRD UTIuITv 


ACCEPT_PDPM 


Chech form 




YlfcH 


P IGEONmjLE 


Save 




TEaT_SPEC 


Can: e^ 


TECH_CHECK 







; def in: t idn:define> 



Figure A. 55 
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Select IN for Data Flow. All other specifications are 
defaults except width, Phase B, and Data In. Fill these to 
natch Figure A. 55. 

k. Now select ACCEPT_FORM (Figure A. 55). Go BACK to 
the Chip Specification form (Figure A. 56). Figure A. 56 is a 
complete Chip Specification form, for tutor_chip. Your Chip 
Specification form should have only a data-in PAD on it at 
this time. 



1. For each of the remaining PADS (clock, vss, vdd, 
and data_out), using steps f through j except for the 
following PAD Functional Specification form, changes: 

(1) Clock PAD: Select C LOCK for Pad type. All 

other specifications are defaults except PHASE_A and PHASE_B. 
type in phase_a, and phase_b in accordance with Figure A, .57. 
ACCEPT_FORM (Figure A. 57) and continue to the next PAD. 

(2) VSS PAD: Select VS_S for Pad Type. All 

other inputs are left to defaults. ACCEPT_FORM (Figure A. 58) 
and continue to the next PAD. The Chip Specification form, 
should now look like Figure A. 59. The order is not important. 

(3) Vdd PAD: Select vdd for PAD type. All 

other inputs are left to defaults. ACCEPT_FORM (Figure A. 60) 
and continue to the next PAD. 

(4) data_out PAD: Select OUT for Data Flow. 

All other specifications are defaults except width, Phase A, 
Phase B, and Data Out. Fill these in to match Figure A. 61. 
ACCEPT FORK and go BACK to the Chip Specification form. 
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Chip 



Definition 



^gensettle/settl e/tot or _c hip 

— —— Genesil Version v 7 . 0 — - 



Sub-Objects Name 

>de ta_in 

>c 1 oc k 

>v£ S 

>t u t or b 1 1 

>tu t or b I k_2 

>vd d 

>flata_ou t 



Type 

PAD 

PAD 

PAD 

Rand om_Log i c 
Rand om_Log l c 

PAD 

PAD 



define detach 

DEFINE DETACH 
DEFINE DETACh 
DEFINE DETACH 
DEFINE detach 
DEFINE DETACH 
DEFINE DETACH 



ATTACH NEW 



ATTACH_EXISTING 



I GnAhHICS FuRn GVERlAv RECORD UTIlIT' 



aCCEP'_F0Rh HEADER ATTACH nE1_NE1lI5T 

ub JE'- " _NETi_ I El 



:>dcf in:t ion: 



Figure A.S 6 
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PAD 



Rao Block Editor 



' v gensettle/*ettle/tutor_chip/cIock 

Ge net i I Version v7 0 — — 

PAD Functional Specification 



Pad Type 


DATA 

TEST 


VSS VDD CLOCK 

STROBE CLKPROC IN ANALOG 


Protection 
Layout 
C 1 V Input 
C 1 k p ou.e r 
Dl /lGf 
Lead ing 


fab_default n_protection np_protection 

PAD_L I M I TED ” NON_P AD_L I M I TED 

SINCLE DOUBLE 

RING POUERPAD LOCAL_I SOL ATED 

DIVIDE 2 NO_DI VIDE CLKPROC 

150PF 100PF 


Cl oc l 


>DATA 


Bonding Pads 
< DATA ) 


Vss 


>vss 


< VSS) 


vac 


>VDD 


< VDD ) 



Connec tors 

p f“ase A /pfiite a (PHASE_A) 

Pr.ase E >phi»fj <PhaS£_B ) 



INSERT MESSAGES GRAPHICS form 


overlay 


RECORD UTILITY 


a:cE c y __ p O p ~ CHEC^_FGRr 

c IGEONKGLE SAVE 

CANCEL TECm CHECP 




VIEW 

TExTjSPEC 



.• DE P In I T ION>DE p INEr 



Figure A. 57 
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PAD 



Pad Block Editor 



N gensetrle/settle/tutor_chip/v6s 

Ctnen 1 Version v7 0-— 

PAD Functional Specification: 



Pad Type 


DATA 

TEST 


vss 

STROBE 


VDD 

CLKPROC I N 


CLOCK 

ANALOG 


Sty 1 e 
Bond 3 ng 
Inductance 
Chang e pitch 
Wiotn 


CORE 

single 

default 

YES 

>_0 


RING 

DOUBLE 

CHANGE 

NO 


COMBINED 


CLKPOUER_ISOlATED 


Vss 


>VSS 


Bonding Pads 
(VSS) 





Connec tors 



IN5EP“ MESSAGE 


£ GRAPHICS FORM 


OVERLAY 


RECORD UT1LITS 


ACCfFT rOP^ 


'> J EC** _FORn 




VI Eu 


PIGEONHOLE 


Save 




TEX T_5F EC 


C AN " £i_ 


TECH_C hECv' 







:-dcf in: t igndderine:- 



Figure A. 58 
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Chip ‘ v gensettle/*ettle/tutor_chip 

Gen e s i 1 Version v7 0 



Sub-Objects Name 


Type 






data in 


PAD 


DEFINE 


DETACH 


clock 


pad 


DEFINE 


DETACH 


VS S 


PAD 


DEFINE 


DETACH 



ATTACH_NEW 



attach_existing 



Definition 



INS£ct MESSAGES GRaFhICS FORM OVERLAY RECORD UTILITY 



CANCE. 



DEFAULT TO_C VRRENT __namF 



Enter New Name of C r nt»d Deject [path 3 

DDE" I n I r i on > aTTaCH.» ATT aCh_E x 1 ST I NCI; g ens e 1 1 1 e / s e 1 1 1 e / t u t o r b 1 k _1 > 

Figure A. 59 
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PAD v g ens e 1 1 1 • / »e 1 1 1 * / 1 u t or _c h i p / vd d Paa 

— — — — Genas ll Version v7 0 — — 

PAD Functional Specification 



^ad Type 


data 

TEST 


vss 

STROBE 


VDD 

CLKPROCIN 


CLOCK 

ANALOG 


Style 
Bonding 
Inductance 
Change pitch 
Width 


CORE 

SINCLE 

default 

YES 

>_0 


RING 

DOUBLE 

CHANGE 

NO 


COMB I NED 


CLKPOWER_I SOLATED 


Vd d 


>vdd 


Bonding Pads 
( VDD ) 





Bloc 



k Editor 



Connectors 



INSERT MESSAGES GRAPHICS FQRr, 


Overlay 


RECORD UTILITY 


aCCEPT_FORM CHECk_FORh 

pigeonhole SAVE 

C ANC El. TECH_CHEC^ 




VIEW 

TE x T_SPEC 



: def ini t ionddep ine: 



Figure A. 60 



155 



PAD 



Pac block Editor 



^jcnsftt l*/%ettlf/tutor - chip/data_out 

CtriMi 1 V*rtion v7 0 

PAD Functional Specification 



.'«d Type 


DATA 


vss 


VDD 


CLOCK 




TEST 


STROBE 


CLKPROC IN 


ANALOG 


Data Flow 


IN 


OUT 


10 




Ou tput Latch 


STATIC 


CLOCKED 


TRANSPARENT 


Drive Speed 


DRVSPEED3 


DR VSPEED2 DRVSPEEDl 


DRVSPEEDO t 


Inverting Driver 


YES 


NO 






Drive Type 


FABLINE 


TTL 


CMOS 




Change pitch 


YES 


NO 






Li l d t h 


I ?_5 












Bond 


i ng Pad* 




Data 


ODATA 




( DATA ) 








Connectors 




Phase a 


/phase a 




( PHASE_A ) 




Phase D 


.phase b 




(PHASE^B ) 




La t * 0 v i 


:• o f f 5 c 4 oj 


l DOUT ) 




Disable 


>D I SABLE 




(DISABLE > 





INSERT MESSAGES GRAPHICS form overlay RECORD utility 



ACCt^T^FOR* CH£C*_FQRM vlEw 

PIGEONHOLE save TE HjBPEC 

C AN? El. TECm check 



:• def i nit ion: define: 



Figure A. 61 
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m. From the Chip Specification form, select 
ATTACH_EXI STING . The user will now be prompted for the path 
to the existing object. Type in "gensettle/settle/tutorblk_l 
and depress RETURN (use your own name and path unless you are 
in Settle's account). Now select DEFAULT_TO_CURRENT_NAME . 

The Chip Specification form should now include tutorblk_l. 

n. Attach tutorblk_2 in the same manner. The Chip 
Specification form should now contain the same objects as 
Figure A . 56 . 

2. The Chip must now be netlisted: 

?. Select OBJECT_NETLIST (Figure A. 56) and 
object's netlist, as described in the module section and 
ensure all object netlists match Figure A. 62 - A. 67. Type in 
the required signal names where applicable, and depress RETURN 
at the end of each line. 

b. Select SPECIFICATION (Figure A. 67), and if there 
are no netlist errors, the Chip Specification form should be 
on the screen (Figure A. 56)'. Now select ACCEPT_FORM (Figure 
A. 56), and the screen will now show the Definition menu as 
illustrated in Figure A. 68. 

3. The Chip must now be f loorplanned : 

a. Select FLOORPLAN (Figure A. 68). 

b. Use the module placement procedures to place the 
two unplaced blocks (Figure A. 69). 

c. Go BACK to the initial floorplan menu (Figure 
A. 70) . Select PINOUT. All unplaced PADS are now listed. 
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Chip 



Definition 



^gensettl e /* e 1 1 1 »/tutor_ch ip 

Ctntt i 1 Version v7 . 0 

Object Name >djta in FIRST PREV NEXT LAST 

display NONE CHECK_REBULTS LENOTH SIO_TVPE PRIORITY 

jort by NETJMAME c6nnECTOR_NANE ATTRIBUTE I NTERNAL_E XTERNAL 



DE>- AUi_T /USER / BOTH Name 
DAT A C 7 0] 


Net Name 

>DAT AIN PADSC7: 03 


I 

I 


-E 

E 


Attr i oute 
NA 


EDIT 


D I N C 7 07 


>a C 3 03, b L 3 03 


I 


E 


NA 


EDIT 


PmASE B 


>D h a t e b 


I 


E 


NA 


EDIT 



I N5EP T MESSAGES GRAPHICS FORM OVERlav RECORD UTIlITv 



A:.'Er T _rOPM CHEC*_SPEC NE7 _NETlIST SPEC IF ICaTJOn write_spec 

pigeonhole VIEu_DRC_NE7LIST REaD_SPEC 

C ANCEi. SA/E 



E <* * i. # t t mg] 

: DE r IM 1 ion: CBJECT_NETLIST> 

Figure A. 6 2 
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Chip 



Definition 



""jeniett le/settle/tutor^ chip 

— Oenesil Version v7 0 

Object Name >vss __ FIRST PREV NEXT LAST 

display NONE CHECK_RESULTS LENGTH SIC_TYPE PRIORITY 

jort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL_EXTERNAL 



DEFAJLT/USER/BOTH Name Net Name I-E Attribute 



IrJSE°“ MESSAGES GRAPHICS FORn OVERLAY RECORD U'TI^iT> 



ACCEf*T_FOPM ChECk .SPEC NE7_nETL1S7 SPECIFICATION WR3TE_SP£C* 

PIGEONHOLE VIEW_DRC JME7LIS7 ” REaD_SPEC 

CanCEl SAVE 



Erie- C if ing ] 

; DEF ; NIT ION>OBJECT_NE7 lIST> 

Figure A. 63 



159 



Chip 



Definition 



'‘gensettle/5tttle/tutor_chip 

— Genes il Version v7 0 — — — 

Object Name > t u t or b 1 k_l FIRST PREV NEXT LAST 

Display NONE CHECKER ESULTS LENGTH SIC_TVPE PRIORITY 

Jort by nET^NAME CDNNECTOR_NAME ATTRIBUTE INTERNAL_EXTERNAL 



DEFAuL T ^USER / BOTH Name 


Net Name 


I-E 


Attribute 




aC3 03 


>aC3 03 


I E 


NA 


EDIT 


b C 3 03 


>bC3 03 


I E 


NA 


EDIT 


df f 1 C4 03 


>d f f l [4 03 


I E 


NA 


EDIT 


p h a v e _a 


> p ha i e a 


1 E 


NA 


EDIT 


phase D 


>p h a s e b 


I E 


NA 


EDIT 



h^SS^GES GRAPHICS FORri OVER la v RECORD UTIlITy 



aC:EP’ Mjf-r c mlCk SPEC net NETLIST SPECIFICATION WRITi ..SF’lC 

PIGEONHOLE vIEU_DRC_NETl!5T REaL.SPEl 

Ca'jCEl SAvE 



£r.u r ' s t r i ri g ] 

DDE- in: 7 ion: GEJEC7_NETLIST> 

Figure A.6U 
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Chip 



Def ini tion 



''■gensettle/set‘cle/tutOT_chip 

— Genesil Version v7 0 

Object Name >tutorbI*_2 FIRST PREV NEXT LAST 

display NONE CHECKER ESULTS LENGTH 6IC_TYPE PRIORITY 

Jort bg NETJMAME CONNECT OR _NAME ATTRIBUTE I NTERNAL_EXTERNAL 



DEFAUlT/USER/BOTH Name 
df f 1 C4 03 


Net Name 
>d f f 1 C 4 03 


I-E 
I E 


At tr i bute 
NA 


EDIT 


d f f 5 C 4 03 


>d f f 5 C4 03 


I E 


NA 


EDIT 


p h a s e_a 


>p h as e a 


I E 


NA 


EDIT 


prase b 


>phase b 


I E 


NA 


EDIT 



INSERT MESSAGES GRAPHICS FORM OYERlAy RECORD UT IL I T \ 



AC«;ERT_FOPn chec^spec net_netlist specification HR I TE_S P EC 

c IGEQ nhQlE VIEW_DRC_NETlIST READ_S p EC 

Cancel save” 



trrp^ [string] 

: def;{.ition>object_neti_ist> 

Figure A. 6 5 
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Chip 



Definition 



' w gensettle/settle/tutor_chip 

Gf nps 1 1 Version v7. 0 

Object Name >vdd FIRST PREV NEXT LAST 

display NONE CHECh_RESULTS LENGTH 51C_TYPE PRIORITY 

jort by NET_NAflE CONNECTOR.NAME ATTRIBUTE INTERNAl_EXTERNAl 



DEFAULT/USER/BOTH Name Net Name I-E Attribute 



1nSc.RT HlSSaGES G'RaPmICS FuRh 



OvER l.A y 



RECORD UTILITV 



ACCEP T _FQPrn ChEC^ _S p EC NET_NETLIST SPECIFICATION uRPT_s p EC 

PIGEONHOLE VI EU_DRC_NET_ I £7 PE AD_SPEC 

CanIEl SAVE 



E r, t*r C t - »■ i n c - 

: definition: od ject_netlist> 



Figure A.&6 
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Chip 



Def i n 1 1 1 on 



^gensettle/settle/tutor_chip 

— — — — --Genes ll Version v7 O- 

Object Name >data out FIRST PREV NEXT LAST 

Display NONE CHECK_RESULTS LENOTH ' SIC_TYPE PRIORITY 

Sort by NET_NAME CONNECTOR_NAME ATTRIBUTE I NTER NAL_EXTERNAL 



DEFAULT/USER/BOTH Name 
DATAC4 03 


Net Name 
>DATA0UTC4 03 


I-E Attribute 
I E NA 


EDIT 


DISABLE 


>FALSE 


I E NA 


EDIT 


DOUTCA 03 


>dff5C« 03 


I E NA 


EDIT 


PHASE_A 


>p h a s e a 


I E NA 


EDIT 


PHASE e 


>P h a i e b 


I E NA 


EDIT 



INSERT MESSAGES GRAPHICS FORM OVERLAY RECORD UTIlITy 



ACCEFT_roR^ CHECk_SPEC NET_NETLI5T SPECIFICATION WRITE_SPEC 

* IGEONHjLE VIEw_DRC_NETlIST REAB_SPEC 

:ance_ save 



Enter I £ t r j -i g 3 
: DEr I nIMCn. OE JECT_NETlIST> 

Figure A. 67 
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Chip ^genifttU/ifttle/tutor^chip D*+inition 

Gtririi 1 Vernon v7 O 

> This object is producible in ell current technologies 



Form 


is valid 




^ AC K 






OBJECT, 


NETLIST 




• ,NULL» 


OB J_NAME 


•• " 


‘data in 




*_L1 0. 


NET, NAME 


•’DATAIN_PADSC7 01 


*_NJLL. 


OBw'nAME 


" d a t a,i n " 


'Clock 






*,L1 0. 


NET, NAME 


"CLK,P AD " 


* _NULL. 


OB j_NAME 


"clock" 


‘ vs s 






*_NJlL. 


0E J_NAME 


" v S S " 


‘ t Ut or b 


1 k ,1 




t,NULL. 


OE u_namE 


"tutorbl k _ i " 


' tutort H 2 




*_NULL. 


OB J, NAME 


" t u t o r b l k ,2 " 


vd c 






* _NU^w. 


OB J_NAMc 


"vod" 


o a t a out 




Da ^ A OUT 


_PADSC4 oi 




* ,NULL. 


OB j,namE 


.. .. 


data out 




* _L 1 0 . 


NET_NAME 


"dataout: 4 or* 


* _L1 1 . 


nET_namE 


"RAlSE" 



*,NUuL. S_L 1 2, NET_namE 'dff5[4 01 
"ANCEL 
HECh_SP£C 
uDP_CHECm 

) No loop is detected 
1 netlist is valid 
SPECIFICATION 
) Netlist is stored 

) Parameters (set i20) Modified 

ACCE p T_~QRm 



INSERT MESSAGES GRAPHICS OVERlAy RECORD UTIuITv 



EACK HEADER NET^NETLIST FLOORPlAN TE « 1 _S D EC _RE AD 

SPECIFICATION GBJECT_nETlI5T CuRREnCy,QFF TEn ~S p EC~HR I TE 



: D£r ini"» ion. 



Figure A. 68 



F 1 oor p 1 *n 



Chip *-gensettle/settle/tutor_chip 

Genes ll Version v7 0 — ■— 

Degree of Freedom HOVE (, ON/OFF ) RQTATEi On/OFF ) 



JI SPLAY VECTOR ( ON/OFF ) J MODE Ed g e_D • n s i t g ( ON/OF 



Unp 1 sc ed_b 1 oc 
turorb 1 k _ 1 
tutorblk_2 



k 



INst.PT MESSAGES GRAPHICS OVERLAY RECORD UTIlITy 



DhCP 


BEST Place 






CENTER 


FIT 


RESE" PLACE 


lIST_£EST 






PaN 


I DENT I F y 


TE>- E-EC 


CHECP^SPEC 






scale 






A'JTu_P laC EMEnT 






ZOOM 





Ertf clock to PLACE C S t r 3 . _ 

: DEF If. I T I Gn>FlGORPlaNI- 

Figure A. 69 
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Chip 



v7. O 



Floorp l*n 



^gensettle/iettl^/tutor^chip 
— * — Cene s i 1 



Venion 



I N5EP T 


messages GRAPHICS 


OVERLAY 


RECORD 


utility 


DONE 


placement 








Cancel. 


PINOUT 










FUSION 









Com^iar, c 

>DEF I M T I On: “LOORP LAN> 

Figure A.7Q 
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Select each PAD with the MOUSE. Place the cross hairs around 
the chip in the desired PAD location. Click the right MOUSE 
button. After placing a PAD, it may be moved by hooking it 
with the MOUSE, and moving it to the desired new location. 

d. After placing all PADS, go BACK to the initial 
floorplan menu (Figure A. 70) and select FUSION. 

e. Select AUTO_FUSE. Go BACK to the initial 
floorplan menu (Figure A. 70). 

f. Select DONE (Figure A. 70). If all pads are 
placed correctly, the system will confirm floorplan complete. 

g. If there are PAD placement errors, try moving the 
PADS around and select DONE again. 

4. After the chip is netlisted and f loorplanned , it may 
be simulated and timing analysis performed in accordance with 
the previous block and module instructions. 

5. The chip may be plotted using the following commands: 

a. Select PLOT (Figure A. 71). 

b. Next select NEW_PLOT (Figure A. 72). 

c. Select LAYOUT for a VLSI layout of the chip 
(Figure A. 73) . 

d. Now select WORKSTATION (Figure A. 74) , and then GO 
(Figure A. 75) . 

e. If all things go well, the screen should show a 
layout similar to Figure A. 76. 
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Chip "'■g ens e 1 1 1 e /% e 1 1 1 e / 1 u t or _c h 1 p Eitcutivi 

G»n»*i 1 Version v7. 0 

) 

> Capacitance for 'phase _a ' is 0 11 pf 

) Capacitance for phase _b ' is 0 12 pf 
) I Peak AC current to VSS 35763 uA 

) Key Parameters 250 transistors. Dissipation: 17 4 m i 1 1 i Wa 1 1 *<25v£ 1 unn 2 

) Key Parameters <set 124) Modified 

) Done with command COMPILE LOAD_MODEL in Block /aata_out 

/ Times real-40*. cpu"l9* <u«l2*. s“6 Bs) (c-l9s) 

j Ei ecuting command COMPILE LAYOUT in Chip /tutor_chip 

) 

) Fatljne VTC_CP10B Technology CMOS-1 
) Package not found 

) rqfreq02-U-l Clock net phase_a given to have a maiimum frequency o* 10 00 Mn 

> i 

> rqfreq02-U-I Clock net phase_b given to have a maiimum frequency ot 10 00 Mh 
) 2 

) ROUTER maiimum lr-drop voltages (mv) found VSS 24 VCC 35 

) ROUTER maiimum ir-drop voltages (mv) found VSS 24 VCC 35 

) Package not found 

) Chip siie in urn 226 5 i 2221 in mils B92i074 

> Key Parameters iset l21> Modified 
) Key Parameters (set 123) Modified 

) Done with command C 0 M ° I LE LAYOUT in Chip /tu:or_cfiip 

) Times real-ibtos. cpu-119s <u=97s. s-2ls) (c-ll9s) 

HP_PuOTTER 
E_SI ZE_P aPER 
” u t or 

) Pi_0T STATISTICS 3034 vectors. 12651 rectangles. 5372 line rectangles. 14324 

> skirpea rectangles 

Pi_0T_r i L e 

HP 7 530 a 
' tutc* _1 

) Plot is queued 
Back 



In SEP T MESSAGES GRAPHICS 



GVtPLAi RECORD UiIi_IT> 



EX 



SELECT_OBJECT DEFINITION COMPILE 

PACkaGE_EDIT SIMULATION 

TIMING 



TOOLING 

Plot 

TP anSl. aTE 



Figure A. 71 



Chip ' v gensettl*/s#ttle/tutor_chip Plot 

Genesil Vimon v7. 0 

> Capacitance for: ' p h a t e _a ' it O 11 pf. 

> Capacitance for: 'phate_b' it 0 12 pf. 

) I Pea* AC currant to VSS 35763 uA 

) Key Parametert 250 transistors, Dissipation 17. A mi 1 1 i Wa t t t ft5V£l Ohn i . 

) Key Parametert (tat 124) Modified 

) Done with command COMP I LE : LOAD_MODEL — in Block: /data_out 

) Timet real*4Qt; cpu»19t <u*12t, t“6 Bt > (c*19t> 

> Executing command COMPILE LAYOUT ——————— i n Chip /tutor _c hip 

) 

) Faohne VTC.CPIOB Technology: CMOS-1 

) Pact-age not found 

) rqfree02-U-I Clock net phata_a given to have a maximum frequency of 10 00 Mh 
) z 

) rqfreq02-U-I Clock net phate_b given to have a maximum frequency of 10 00 Mh 

) z 

) ROUTER maximum lr-drop voltages (mv) found VSS 24 VCC 35 
) ROUTrp maximum lr-drop voltages (mv) found VSS 24 VCC 35 

> Packa;e not found 

> Chip size in um 2265 x 2221, in milt 09 2 x 07 4 

> hey Parameters (set 121) Modified 
t Key Parameters (set 123) Modified 

i Done u-ith command COMPILE LAYOUT in Chip /tutor_chip 

i Times real* 1 06S » cpu=ll9s (u = 97s, s-21s> (c*119s) 

HP_PLO^TER 
D_S I ZE_P APER 
tutor 
GO 

Pl_O t STATISTICS 3034 vectors. 12t,51 rectangles, 5672 line rectangles, 14324 
‘ sutcefl rectangles 
PlOT_FIlE 
HP756:a 
tut or _1 

• Plct is queued 
SAC* 

PLuT 



INSERT MESSAGES CRAPHICS 



OVERLAY RECORD UTILITY 



DACr 



NEk)_PlOT 

rlot_file 



: plot: 



Figure A. 7 2 



Plot 



— -Ceneti I Version v7. 0 

) Capacitance for 'phase.b' l* 0. 12 pf 

> I Peak AC current to V5S 35763 uA 

> Key Parameters 250 transistors, Dissipation 17 4 mi 1 I iUat t sfcSVSlOMn i 
) Key Parameters iset 124) Modified 

) Done with command COMP I LE : LQAD_MQDEL — — — in Block: /data_out 

) Times real*40s, cpu-l9s <u a l2s. s*6 Bs > (c*l9s) 

> Executing command COMPILE LAYOUT in Chip: /tutor.chip 

) 

) ratline VTC_CPlOB Technology CMOS-1 
) Package not found 

) rqfreq02-rU-I Clock net phase.a given to have a maiimum frequency of 10 00 Mh 

) : 

) rqfreq02-U-I Clock net pha»e_b given to have a maiimum frequency of 10 00 hh 

) z 

) ROSTER maximum ir-drop voltages <mv) found VSS 24 VCC 35 

) ROUTER maximum ir-drop voltages <mv) found VSS 24 VCC 35 

f Package not found 

) Chip size in urn 22&5 t 2221. in mils 09 2 i B7 4 
) Key Parameters 'set 321) Modified 
) Key Parameters (set 123) Modified 

) Done with command COMPILE LAYOUT — in Chip /tutor_chip 

) Times ffa c 106s- cpu*ll9s (u*97s. s*2ls> ic«*119s) 

HP_PLOTTER 
B_SI ZE_PAPER 

tutor 

CD 

• Plot STATISTICS 3034 vectors. 12o5l rectangles, 5072 line rectangles. 14324 
supped rectangles 
p _0T_r i l e 
HP75BQP 

t U t 0 r _ 1 

> Plot is queued 
BACK 

plot 

NEU_PlOT 



lNSt.PT MESSAGES GRAPHICS 




OVERLAY RECORD 


UTILITY 


DaC h 


LAYOUT 

ROUTE 

FLDORPwAN 

PAPER_DOi-LS 


BONDInC_DIaCRam DISa&lE 


.CURRENCY 


: p lo t : new_plot;' 


Figure A. 7 3 
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Chip ^gensett le/sett 1 e/tutor_ch ip Plot 

Cenesil Version v7 0 

) T-imes real*=40s; cpu*19s (u*12s, s=*6 8s) (c'19s) 

) Executing command COMPILE LAYOUT — in Chip /tutor_chip . 

) Fatline VTC_CP10B Technology CMOS-1 
) Package not *ound 

) rqfreq02-U-I Clock net pha»e_a given to have a maximum Frequency of 10 00 Mh 
> 2 

/ rqfreq02-U-I Clock net pha*e_b given to have a maximum frequency of 10 00 Mh 
) 2 

) RQUTEP maximum lr-drop voltage* (mv> found:VSS 24 VCC 35 
' POUTER maximum lr-drop voltage* (mv) found:VSS 24 VCC 35 
) Package not found 

) Chip size in uit, 22b5 x 2221/ in mi 1» 89.2 x 87 4 

key Parameters iset 121) Modified 
) ke^ Parameter* (set 123) Modified 

) Done with command COMPILE LAYOUT --in Chip /tutor _c hip 

> Times real = lBt>», cpu=ll9s (u=97&, s=2ls J (c = 119ft) 

HP_PLCTTEP 

P_IlZE_PAPER 

tutor 

GO 

) PLOT STATISTICS 3034 vectors, I2fc51 rectangles, 5S72 line rectangles, 14324 
) sxicpeo rectangles 
PlOT/HC 
HP75S0A 
tut c* _ 1 

- Pic* :: queued 

ACk 
PLOT 

MEa!_p^0T 
-AVQ J' 

) C n e c x i n g ♦lie currency 

> Internal Object Hiera-criy Initialized 

> Completing Cato Gathering Phase 

> All ♦lies o-e up to date 



INSEF T MESSAGES GRAPHICS OVERLAY RECORD UTILITY 



EaC k 



WOPkST AT 1 ON 
HP _P LOT TER 



!T i_ 0" . ■ NE w_P u OT A Y OUT.* 



Figure A. 74 
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Plot 



Cenesil Version v7. 0— 

Scale Factor 51 42 Rotate OFF 

Number of pages (x by y): 1 by 1 

Object Size (mils) B9 20 i 87 44 
Window Size imils) 89 20 x 87 44 

Object Limits (mils) (-44 60.-43 72) (44 60.43 72) 

Window Limits (mils) (-44 60.-43 72) (44 60.43 72) 



Device Co-ord System Size 10000 x 5040 
Viewport Co-ord System Size 1 0000 x 5840 



Device Co-orc System Limits 
Viewport Co-ord System Limits 



(0. 0) ( 10000. 5040) 

(0. 0) ( 10000, 5040) 



INSERT 


MESSAGES GRAPHICS FORM 


OVERLAY 


RECORD UTILITY 


cancel 


W 1 NDOW 


SPLIT 


SElECT_laYERS 


RESET 


VIEWPORT 




OP T 1 M 1 2EF_0FR 


GO 


SCALE 








ROTATE 







;*rlot;*nek_plot;‘layqutc workstation;* 

Figure A. 75 
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Figure A. 76 
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